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AN

ESSAY
UPON

SINGLE VISION WITH TWO EYES.

—
! IH 1

PART I.

•Of the different Opinions concerning fingle Vifion with

two Eyes ; and principally of thofe of

Dr. Smith and Dr. Reid.

Th E end I have chiefly in view,, in this

Effay, being to offer a new folution of tha

queftion, why objects are perceived fingle

with two eyes, I think it incumbent upon;

me, in the firfl place, to jfhow, that none of

the opinions I have met with upon this

fubjed:, can be admitted as juft.

Thefe opinions, or fuch of them at leaft

*s have gained any coniiderable reputation,

B may



may be reduced into two claffes. The firft

comprehends thofe of Galen, Alhazen,

Rohault, Dr. Briggs, and Sir Ifaac Newton,
all of whom have regarded the queftion I

have mentioned as equivalent to the follow-

ing on* : Whence comes it, that the mind

mould be affected with only one perception

from two impreflions upon the external

organs of fight, fince either of thofe im-

preflions is, of itfelf, fufficient to produce

a fimilar perception ? Their univerfal an-

fwer has been : Becaufe the two impreflions

are united before they are communicated to

the mind. And the only difference among

thefe authors, has been with refpecl to the

manner in which fuch an union takes

place. To the fecond clafs are to be re«

ferred the opinions of thofe, who hold it as

certain* that an object is feen Angle by

both eyes, becaufe it is feen by each of

them in the fame external place ; and who

profefs to point out fome law, or conflant

jrule of vifion, from which this famenefs of

place is to be derived as a necceflary confe-i

quence. Aguilonius, I believe, firft gave

this
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this view of the queftion, whicn has fince

been adopted by Dechales, Dr. Porterfield,

Dr. Smith of Cambridge, and Dr. Reid of

In mSmimm m the opinions of the

firft clafs, more cfpccially as they have

been repeatedly examined by others, I

think I need only fay, that they mull all be

confidered as mere conjectures, founded

upon certain fuppofed changes in the brain

and nerves, the exiftence of which it is im-

poffible, from the nature of the
.

parts,

either to demonstrate, or to refute by expe-

riments } and that no one of them, though

admitted to be true, is yet fufficient to ex-

plain the phenomena on account of which

it was framed,

The opinions of the fecond clafs being

built, as their authors think, upon experi-

ments and obfervations, both allow and

demand a more accurate inveftigation. I

fhall proceed, therefore, to examine fuch of

them as I am acquainted with, beginning

with that of Aguilonius j and what I

mail obfervc concerning it will apply allp

B 2 to
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to thofc of Dechales and Dr. Porterfield,

who have done little more than copy what

he has faid.

If a line he drawn through the point of

the mutual intenection of the optic axes,

parallel to the interval between the eyes,

Aguilonius calls it, from its office, the ho-

ropter ; and if through this line, a plane be

made to pafs at right angles to that of the

optic axes, he names it the plane of the

horopter. Aiter defining theie terms he

afierts, that, by a law of our conftitution,

all bodies which we fee with one glance or

look, whatever are their real places, appear

to each eye to be fitUated in this plane.

—

And if this be granted to him, he cafily

and fatisfactorily mows, why fome mould

be feen fingle with two eyes, and others

double. For lince, according to a fecond

opinion maintained by him, and not con^

tradicted, I believe, by any other writer

upon vifion, the two lines of direction, in

which an object is feen when we employ

both eyes, can meet each other only in one

point, \t follows, that all bodies which are

4. really
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FC'ally fltnated in the plane of the horopter.,

muil neceffarily appear fingle, as the Jines

of direction in which any one of them is

perceived by the two eyes, coincide in that

plane, and no where elfe ; and that all

bodies, which are not fituated in the plane

of the horopter, muft as necelfarily appear

Rouble, fince, in this cafe, the lines of their

yiiible directions interfect each other, either

before or after they pafs through 'it.*

Againft the truth of this explanation*

only one argument need be offered.

—

•Were the vifible places of all bodies to be

contained in the plane of the horopter,

thefe would appear of magnitudes propor*
tional • to the angles which they fubten4
at the eye. A finger, for inftance, held
near to the face, would feem as large as the
part of a remote building it might conceal
from the fight. But as this is contrary to

experience, the principle from which it is

derived, mult be rejected, together with all

its confequences. To Aguilonius, how--
ever, the merit is due of being the firrt, who

lb
* AguJonii Optiq?, p. no, 148, 331, 344-
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fo far gcncralifl-d the phenomena of fingle

and double vifion, as to obferve, that thofe
obje&s alone are feen fingle, which are

really fituated in the plane of the horop-
ter.

The opinion of Dr. Smith is the

next in the order of time. *" If it

be afked (fays that author) why in

" feeing with both eyes we do not al-

*' ways fee double, becaufe of a double fen-

" fation, 1 think it is fufficient to fay,

•* that in the ordinary ufe of our eyes,

" in which the pictures of an object are*

" conftantly painted upon -f correfpond-*

** ing places of the retinas, the predomi-

" nant
* Compleat Syftem of Optics. Vol. I. p. 48.

•f Dr. Smilh gives the following definition of correfponding-

fcmts> *' When the optic axes are parallel or meet in a point,

** the two middle points of the retinas, or any points which are

equally diftant from them, and lie on the fame fides of them,

* either towards the right hand or left band, or upwards or

downwards, or in any oblique direction, are called eorrrjpond-

** ing points." Vol. I, p. 46, According to this definition,

points correfpond which have a certain agreement in fituatiou.-

No contradiction is, therefore, implied in this fyftem by faying,

that an object may appear fingle, though its pictures fhould fajl

upon points which do not correfpond. Dr. Reid's definitioa pf

jhe Came term is very different.



«' nant fenfe of feeling has originally and
ft conftantly informed us that the object is

" fingle. By this means our idea of its

" outward place is connected with both

'* thofe fenfations, as is manifeft by its

u appearing in two places when its pictures

*' are not painted upon correfponding places

" of the retinas j which is only a direct

" confequence arifing from our general ha-
** bit of feeing." Should any one now en-

quire whence it is, that, to produce liDgle

vilion, all men agree in directing their eyes

toward the object in fuch a manner^ as to

receive its pictures upon correfponding

points of the retinas, fince cuftom might

have connected the fenfations of any other

two points with the information of its unity

from feeling ;* This anfwer may be given

in the words of Dr. Smith : f " When we
" view an object fteadily, we have acquired

" a habit of directing the optic axes t<*

" the

f This objection is made to Dr. Smith's theory by Dr. Reid,
who feems to have overJooked the anJVer. Reid's Inquiry into
the Human Mind, gra. p. 33a.

* Vol. I. p. 46.
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* the point in view
; becaufe Its pictures

« falling upon the middle points of the

* retinas, are then diftin&er than if they

* fell upon any other places
; and fince

* c the pictures of the whole object are equal

" to one another, and are both inverted

* with refpcct to the optic axes, it follows

" that the pictures of any collateral point

" are painted upon correfponding points of
'* the retinas."

Such is the folution which Dr. Smith has

given of this celebrated queftion, and fuch

the reply, which his general account of vi-

sion fu mimes to one objection againft it.

But there are others which, in my opinion,

cannot be fo eafJy repelled. Before I

offer thefe however, I beg leave to remark,

that although it were proved, as I think it

may be, that he is miftaken in the fact of

objects appearing fmgle, when ' their

pictures fall upon the middle or other cor-

refponding points of the retinas, frill the truth

of what is peculiar to him * of the folution

he
* Dr. Reid attributes to Bifhop Berkeley the opinion, that

objects appear fingle totwo eyes, from an experienced connection.

betweca
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he gives, might remain uniiiaK.cn.—

Objects, it may be faid, are conftant-

ly feen fingle when we direct our eyes to

them in a particular manner. Their pic-

tures muft, confequently, in .every fuch cafe,

fall upon the fame places of the retinas ;

and whether thefe be correfponding or not,

the unity of the vifible appearances will be

owing to the connection, which has uni-

formly been obferved between the fenfations

of thpfe places, and the information from

feeling, -that the objects which caufe them

are fingle. What I fhall fay, therefore, upon

his opinion, will tend to mow, that, admit-

ting the fact refpecting correfponding points

to be true, his explanation of it ought how-
ever to be rejected.

For firft, it may be obferved, that, if

we are taught byfeeling to fee objects fingle,

between particular fenfations of fight, and the informations of
touch. But I no where find it mentioned in the works of that

author; and I even think it probable, that he purpofely avoided
treating ofthe queftion, as he found, that the folution of it, which
naturally flowed from his principles of vifion, was with difficulty

to be reconciled to other conclufions he had derived from the
fame fource.

c not-
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flotwithftanding a fenfation in each eye, the

informations of the former fenfe ought to

be uniform, or elfe one fet of vifual appear-

ances would be aflbciated with different re-

ports from feeling, and no certain mark

afforded us which of them we mould truft.

Now Dr. Smith himfelf is obliged to con-

fefs, that we fometimes feel double, " as

" in the daik, when a button is preffed

" with two oppofite fides of two contiguous

" fingers laid acrofs ; for this reafon, that

" thofe oppofite fides of the fingers have

" never been ufed to feel one but always

" two things at a time." * He adds, " We
" have learned, therefore, by experience of

" both fenfes compared together, to make
" their informations cor^fiflent with each

" other." Here then we find him to allow,

that feeling is not always the predominant,

but fometimes the inferior fenfe j that its

informations are not eonftant and original,

but changeful and derived j pofitions di-

rectly

* Vol. I. p. 48. Dr. Smith however has, from the influence of

fyftem, I fuppoie, miftaken this fact ; for the button is felt

double, when preffed in the manner above mentioned, though w?

ihould not be in the dark, and fhould eyenfee it to be fingle.
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rcclly contrary to thofe he had immediately

before maintained. But in the firft inftance

of difference between the informations of

the two fenfes, what rule had we for deter-

mining which was the moft worthy of cre-

dit ? How does a blind man correct his er-

rors of touch ? If the button be felt double,

becaufe preffed by two parts not accuftomed

to feel the fame thing at the fame time,

there muft have been a period in the life of

every perfon, when a body preffed by any

two parts would have been felt double, by

three parts triple, and fo on. Nor could

fight have corrected thofe deceptions, if

they can be called fuch j for every thing by

the fame bypothefis muft then have alfo been

feen double. How came we therefore, both

to feel and fee things fingle ? Surely not

by comparing the informations of the two
fenfes together.

But fecondly ; were we to grant, that the

fenfe of touch has originally and conftantly

informed us that objects are fingle, it

would not follow, that we are thence taught

tofee them alfo fingle. For fince the place,

C 2 which



( W )

which an object feems to either eye to pof-

fefs, manifeftly depends both upon its ap-

parent diftance, and its apparent direction

from that eye, if vifible place be, in the

language of Dr. Smith, only an idea of real

or tangible place, vifible direction muft bear

the fame relation to tangible direction ; a

confequence of which is, that we can never

have a more accurate knowledge of the di-

rection, in which an object may lie from

any part of our bodies, by fight than by

toucn. Facts however prove the contrary.

Let any perfon, for inftance, taking a pin

in his hand, endeavour, without looking, to

bring its head upon a level with either of

his eyes ; and there are many chances to

one but he will fail in the attempt, of which

fight will inform him, when he turns his

eye to the object. This to me is a con-

vincing argument, that external bodies are

not feen in certain directions, becaufe they

have been previoufly felt in them ; and

confequently, that vifible place, of which

vifible direction is a component part, is not

merely a reprefentative of the place per-

ceived
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ceived by touch. But if the place, in

which an object appears to each eye fepa-

rately, does not entirely depend upon any

lefTon from feeling, the inference is, that

when an object appears in one and .the fame

place to both eyes together, neither is this

effect: to be attributed folely to the infor-

mations of that fenfe.

Thirdly in whatever direction an object

may appear to either eye, it certainly can^

not be feen in the fame place by both, ex-

cept at fome point common to the two di-

rections. Dr. Smith acknowledges this,

and fays, * that when an object is perceived

fingle with both eyes, it is feen at the mu-
tual interfe6tion of the two vifaal rays ; the

vifible direction of any object coinciding,

according to him, with the vifual ray, or

the principal ray of the pencil which flows

from it to the eye. Should we then even

allow, that all we know by fight cf the

places of bodies has been borrowed from
feeling, it will frill be eafy to mow, that

the rule of virion for each eye, which he

has

Vol. II. Remarks; p. 86.
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lias derived from fuch experience, that of

our feeing objects in the directions of their

vifual rays, is inconfiflent with many of the

phenomena of fight with two eyes ; and

confequently, that he has left unremoved

the chief difficulty of his fubject, which

was to explain the fingle appearance of ob-

jects to bcth eyes, from thofe laws, or rules

of vifion, which affect each of them fingly.

For it is a well known fa£t, that if two

*bodies of the fame fhape, fize, and colour,

be placed, one in each optic axis, they ap-

pear but as one body, provided they be at

equal diitances from the eyes. Agreeably

to the theory of our feeing objects in the

direction of their vifual rays, this cannot

happen, except the united body appear at

the interfedtion of the optic axe?. Dr.

Smith accordingly, * maintains that it does.

Now, in the fir ft place, I appeal to experi-

ment for a direct proof that it does not;

and in the fecond, I obferve, that, as the

two bodies in the optic axes appear as one,

whether they be lituated within or beyond

the

* Vol. IT. Remarks, p. 86.
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the concurrence of thofe lines ; and as a right

line joining the bodies, and extended both

ways, appears at the fame time to the

fight as a right line ; it follows, upon admit-

ting the fact which I have denied, that all

objects in the plane of the optic axes which

are feen in one portion and ftate of the eyes,

however near to us, or however remote thej

may in reality be, muft appear to be equally

diftant, or rather in a line drawn throup-h

the concourfe of the optic axes, parallel to

the interval between the eyes, and named by,

opticians the horopter. Again, ifa right line be

made to pafs through any part of the plane

of the optic axes, at right angles to it,

the portions above and below this plane

are perceived to be in the fame right line

with the point which is fituated in it, and

the whole appears perpendicular to the

plane. But the point in the plane is feen,

by the laft article or propofition, in the ho-
ropter ; the whole, therefore, of the per-

pendicular line muft be feen in a plane paf-

fing through the horopter at right angles

to that of the optic axes j or in other

4 words,
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Words, in the plane of the horopter, in

which confequently all bodies will have

their vilible places. But this was the very-

opinion of Aguilonius, to which he was
probably led by a fimilar train of reafoning;

though, as a teacher, he might choofe ra-

ther to ground it immediately upon an ori-

ginal law of our constitution.

It is probable, however, that Dr. Smith

did not perceive the conclufions which

night be drawn from his doctrine of objects

being feen in the directions of their vifual

rays, fince he has no where fpoken of them.

At any rate, it is manifeft he did not admit

them, as he has mentioned the following

circumflance as a fact,* to which they can-

not be reconciled ; that, when an object is

feen double, both its apparent places are

fituated between its real place, and the

mark at which we look. For, if this were

juft, together with what he has elfewhere

advanced, phenomena ought in many cafes

to be obferved, very different from thofe

which are in truth found to exift. Thus,

for

* vol. r. p. <8.
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for example, if a right line be any where

placed in the pline of the optic axes, it

follows, from what he has faid in one part

of his book,' that thofe points of it, thiongh

which the axes pafs, mu'fr be feen united

a;t the mark we look at, the axes crofiing

each other there ; and from what I have

jufr. quoted", that every other point mufl be

feen by each eye between its real place and

that mark. The appearances, therefore,- of

all the points; if they do nOt lie disjoined,

but are connected together in fome orderly

manner; will be arranged in the forms,

either of two curves, both paffing through

the interfedion of the optic axes, or of

four right lines meeting one another at that

point. If the right line be placed nearer to

the face than the mark we look atj the

apparent lints, whether curved or ftraight,

Will approach toward us from their common
point, but recede from us, if the real line

be fituated beyond the mark. Such are the

phenomena which ought to follow upon
the admiffion of thefe two parts of Dr.
Smith's theory of virion with two eye?, but

D which
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which are not found to exift in nature.—
Aguilonius was at leaft confident when he
maintained, that all objects are feen in the

plane of the horopter; while Dr. Smith,

by defertmg that opinion in part, feems

only to have involved himfelf the more

deeply in error.

Having now faid what, I hope, will be

thought fufficient to mow, that the reafon

given by Dr. Smith, for our feeing objects

fingle with both eyes, is neither grounded,

on well-attefted facts, nor adequate to the

explanation of the phenomena obferved, I

pafs to the examination of the opinion of

Dr. Reid.

As this neither refts upon, nor includes

any new fact in vifion, 1 need only mention,

in order to give an account of it,* that its-

author maintains with Dr. Smith* that an

object is feen in the fame place with both

eyes, and confequently fingle, when its

pictures fall upon the centres of the retinas,

or upon points in them, which arefimilarly

fituated with refpect to the centres ; but

differs

* Inquiry into the Human Mind, c. v'. feci. 13.
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^differs from him in this, that he makes the

property to be original, by which any two

places in thofe membranes exhibit only one

object, while Dr. Smith derives it altoge-

ther from cuftom.-f-

In my examination of the opinion of Dr.

Smith, I took occafion to remark, that the

truth of what diftinguimed it from all others

might remain unfhaken, though it were

proved, that objects do not appear fingls,

when their pictures occupy any of the cor-

refponding points of the two retinas, fince

cuftom might have aflbciated the percep-

tions of touch, with the fenlations of any

other parts whatfoever of thofe membranes.

The fame obfervation will not apply with

equal juftice to the opinion of Dr. Reid.

On the contrary, could it be mown, tha£

the places of the two retinas, which repre-

f They differ alfo with refpect to the meaning of a term ; Dr.

Smith calling correjfropding points, fuch as have the pofition juft

mentioned, whether they reprefent objects fingle or not ; where-
as Dr. Reid fays, that thofe points correfpond, whatever their

pofition may be, which reprefent objects fingle ; and he appears
to me not always to attend to the double ufe of the fame term,
when he fpeaks of the opinions of Dr. Smith.

P 2 fent
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fent an object fingle when each receives its

picture, arc not the centres, or fuch others

as are fimilarly fijtuajted, an obvious inference

would be, that the fingle appearance of the

object is not occafio.ied by a property

in thole places, be/lowed upon them for

this fpeciaj. purppfe by nature ; it being

reafonable to expect, that fuch a property

fhould be found, if any where, in thofe

parts of the retinas which are the moft like

to each other. I have, therefore, refeiyed

till now, the observations which have

occurred to me upon this fubject, and

which, when ftated, mufl, at leaft, raife

fome doubt concerning what has been re-

garded as true by Dr. Smith and Dr. Reid,

and by almoft every other writer on vilion
?

iince the time of Kepler.

Anatomifts have commonly taught, that

the centres of the fpheres, to which the

cornea, the ball of the eye, and the two

portions of the cryftaline belong, are all

placed in the fame right line, hence called

the optic axis, and that this being produced

both ways, paffes through the centres of

$ the
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,the cornea and retina, confidered as furface.s.

Optic'i ins, on their part, obferve, that an

object appears finale to both .eyes, when

the axis of each is accurately directed to it ;

from which they infer, that the centres of

.the retinas agree in fuggeft.ing but one ob-

ject, though each receives its picture.—

Again; finc,e it is known by experience,

that, while any object is feen fingle, to

which the optic axes are turned, others at

the fame diftance from the eyes likewife

appear fo ; and fince the pictures of thefc

lateral objects fall upon points in the two

retinas, equidiftant from their centres, and

both upon the fame fide, that is, both to

the right or left of the centres, or both

above or below them, opticians conclude,

that every two places of the retinas, which

are fimilarly fifuated with refpect to the

centres, muft alfo agree in exhibiting but

one object, though pictures are received by

both.

But the whole of this reafoning is built

upon a circumftance in the fabric of the

eye, which has been mown by fome of the

moil
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moft eminent nnatomifts not to have place.

For Varolius * long ago obferved, that the

cryftaline is not fituatcd in the middle of

the eye, but more inwardly ; and the accu-

rate Zinn -)•• has more lately mentioned, that

if the eye be divided into a right and left

Jialf, the centre of the cryftaline will be

found in the inner portion. Haller \ con-

firms this fadi ; and Window's
||

obferva-

tion, that the centres of the pupil and iris

do not coincide, but that the former is

nearer to the nofe than the latter, is con-

nected with it ; fince both Zinn and Haller

agree, that the centre of the pupil is placed

in the axis of the cryftaline,whik that of the

iris is evidently in the common axis of the

cornea and globe. Now, a confeqnence of

this polition of the cryftaline is, that,

contrary to what I believe is univerfally

maintained, no ray of light whatfoever can

pafs unbent to the retina from the atmor

fphere, or any other medium differing in re-

fractive

* Varolii Anatomia, i:mo. p. 16.

f Dc Ocnlo, 4to. p. 127.

+ Elementa Phyfiologiaf^tom. v. p. 403.

H Winllow's Anatomy, vol. ii. p. 379. Englifli edition, Svp,
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frafrive power from the aqueous humour.

If, then, the line joining the centres of the

cornea and globe of the eye be what is

called the optic axis, and if it be true,

that objects appear fingle when we direct

both thefe axes to them, it mull be evident,

to fuch as are acquainted with the common
rules of optics, that the pictures of thole

objects do not fall upon the centres of the

retinas, but more internally ; and, therefore,

that the centres and all the other points of

thofe membranes, which by the prefent

lyflem are fuppofed to reprefent objects

fingle, do in fact exhibit them double.

It will be faid here, perhaps, that the

line * paffing from each eye, which we turn

to objects when we fee them fingle, is not

a pro-

* I am of opinion, that this line, Or at lead: the line which we
turn to objects when we fee them moll diftinftly with one eye*
is not the common axis of the globe and cornea. For I find,

that, when I place the flame of a candle between either of my
eyes, and a plane mirror, in fuch a manner that it may conceal
its own image in the mirror from the fight of that eye, or rather
that it may be a little below this image, but in the lame vertical

plane with it, the image of the flame, feen by reflexion from the
cornea, does not appear upon the middle point of this coat, but
upon that point of it which is oppofite to the centre of the pupil.
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a production of the common axis of the'

cornea and globe, but fome other, difpofed

in fuch a manner, that the pictures of thofe

objects are received by rhe centres of the

retinas. I anfwer I readily grant the

poffibility of the thing, but I affert at the

fame time, that we have no proof of it/

"which is a fufficient fenfon for rejecting

every conclufiun that depends upon its

truth.

Admitting, however; that objects are

reprefented fingle, when their pictures fall

upon the centres of the retinas, or upon any

other two points which :rre' equally diffcant

from the centres, and both upon the lame

iide, it appears to me; notwithstanding, to'

be in violation of ail analogy, to afcribe

this effect:, with refpedt to the points, at

leaft, on the right and left fides of the

centres, to any peculiar property which

they pofiefs from nature. For when ana-

tomifts find, in a new fpecies of animals,

organs fimilar in ftructure to thofe of others

they are already acquainted with, they im-

mediately conclude, that they are alio fimi-

lar
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lar in regard to their life. In animals of the

fame fpecies, they believe with certainty,

that the organs they fee in one have the

fame properties, as the correfponding or-

gans of another ; and, if it be poffible,

they attribute with greater certainty the

fame properties to two organs of the like

kind, which are found in the fame indivi-

dual. Such is the influence of the rule,

that refemblance of property is implied by

refemblance of liructure. Now it is an

imiverfal fact, that if an animal be divided

Irito a right and left half, the correfponding

. parts of thofe organs, which exift in pairs,

are found at equal diftances from the plane

of partition. Thus, for inftance, in refpect

to the eyes, the two optic nerves penetrate

their outward coat at the fame diftance from

this plane. Their mufcles, blood-veffels,

and every other of their component parts and

appendages,are arranged in the like manner ;

thofe neareft to the dividing plane, or the

innermoft, in the one, being fimilar in

ftruclure to the innermoft. in the other, the

outermoft to the outermoft, and the inter-

E mediate
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mediate to the intermediate, It is furelyy

therefore, natural to expect, that fuch parts

mould alfo be fimilar in their properties j

and we in fact find this fimilarity to exift,

wherever it can be clearly afcertained what

the properties are. Every perfon, for ex-

ample, admits, that the internal ftraight

mufcle of the right eye performs the fame

office, with refpect to that eye, as the other

internal ftraight mufcle does with refpect

to the left eye. What judgment are we

then to form of the opinion of Dr. Reid,

which attributes the fame original proper-

ties, or rather the joint poffefiion of one

original property, to places in the retinas

fituated at unequal diftances from the gene-

ral plane of partition ; which makes an exter-

nal point in one to correfpond, in ufe, with

an internal point in the other, and this too

by a principle implanted by nature ? If fuch

things exift, they may, at leaft, be faid to

ftand oppofed to a moft extenfive analogy.

To thefe arguments, a priori, againft the

opinion of Dr. Reid, I mail now add others,.

which
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which are derived from a confideration of

its confequences.

Firji ; Since vifible place, as was formerly

obferved, includes in it vifible diftance, it

is evident that, if bath eyes, by virtue of

an original property, fee an object in the

iame place, diftance muft alfo be originally

perceivable by fight. Dr. Reid, * however,

has himfelf fo ably mown, that we would

never have acquired, by means of our eyes,

any knowledge of diftance, unlefs they had

been affifted by the fenfe of feeling, that I

forbear to fay any thing more upon this

head, than that the exiftence of no property

can be admitted, which leads to t.he con-

clufion I have ftated.

Seccndly ; If diftance be not immediately

perceivable by fight, the only manner, in

which an original property of the eyes can

affect the vifible places of bodies, is byocca-

fioning them to appear in certain directions.

Now Dr. Reid maintains, -f- that every exter-

nal point is feen in the direction of a line

* Inquiry into the Human Mind, chap, 6. feci. 3 jfc 30.

t Ibid. chap. 6. feci. 12.

E 2 paffing
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pffing from its picture on the retina,

through the centre of the eye. If, there-

fore, this direction be the fame as that fug-

gefled by the original property fo often

mentioned, the latter law is merely another

expreffion for the former, and ought to be

rejected as fuperfluous. If it be different,

and mould the two laws exift together,

objects feen with both eyes might fometimes

appear quadruple, fometimes triple, but

never tingle. Were they to exift fuccef-

iively, one when we employ one eye, the

other when both, an object, though at reft,

mould always appear to move when viewed

alternately by one and by both eyes ; nei-

ther of which conclufions is agreeable to

experience.

Thirdly ; To mow in a different way, and

one perhaps more eafily underftood, that

the opinion of Dr. Reid is not confident

with the phenomena of vifion it oughtj to

explain, I mall fuppofe an experiment to

be made upon a perfon who fquints. But

I muft premife, that it appears, from the

c obfervations
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obfervations of Dr. Jurin * and hirrir

felf, f that all fuch perfbns have one eye

of a weaker fight than the other; that

when both eyes are open, the weaker is

turned away from objects, which are atten-

tively viewed ; but that when the ftrong

eye is clofed, the weaker is pointed to ob-

jects, exactly as the former would be in the

fame fituation and that it likewife per-

ceives them in limilar directions. Let now

the ordinary pefition of the perfon's eyes, up-

on whom the experiment is made, be fuch,

that the optic axes interfect each other

about an inch or two from the face ; and

while the other is clofed, let the flame

of a candle be placed in the axis of the

weak eye, which I mail call the left, at the

diftance of fome feet from it, and on the

right fide of the body. The flame will

confequently appear in the fame direction,

as ifhis eye had no fault, and will befeen'on.

his right, where it is in reality fituated.

Both eyes retaining the fame pofition with
refpect to his head and each other, let the

weak
? Smith's Optics. Vol. 2. Remarks, p. 30.

-j Inquiry, cti3p. 6. feft. 16.
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weak eye be afterward (hut, and the right

opened, and let another object be placed in

the axis of the latter, an opake body being

at the fame time fo difpofed, as to hide

from it the candle which is in the axis of

the left eye. This object in the right axis

will confequently appear on the left fide.

Now, fince the two objects, which have

been thus viewed feparately, are fituated,

one to the right, and one to the left ; and

fince they have been alfoJeen in thole po-

rtions, their viable places muft be two,

as well as their tangible, and muft be re-

mote from each other. How then mould

thefe objects appear, if, inftead of being

viewed alternately, each by the eye in the

axis of which it is placed, they were feen

by the two together j the pofitions and

internal flates of the eyes being in

both cafes the fame ? Dr. Reid mart

anfwcr ; They will poffefs but one vifible

place, fince their pictures fall upon the cen-

tres of the two retinas, points endowed

with the original property of reprefenting

objects fingle. But where is this one place

to

/
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to be found ? In the axis of the right eye,

or in that of the left, or between the two?

In any of thefe cafes, or in any other that

can be imagined, the law of viiible direc-

tion, fo much infilled upon by Dr.Reid, that

objects appear in the perpendiculars to their

pictures upon the retina, and in truth every

other law of vifible direction hitherto pub-

limed, mull: be fufpended with refpect to one

or both eyes ; unlefs, indeed, the united

object be referred to the interfection of the

optic axes, about an inch or two from the

face. This, I believe, Dr. Reid would not

readily admit ; but if he mould, another

cafe of fquinting may be imagined, in

which the optic axes recede from each other,

and where the fame reafoning will apply

without the poffibility of its force being

thus eluded. It now remains for me to

mention, that the experiment here ftated by

the way of fuppofition, in which the optic

axes crofs each other near to the face, was

actually made by Dr. Reid, with this refult,

that the two objects appeared in different

places, when feen by both eyes together $

and
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iind that the other experiment, in which'

the optic axes are fuppofed to diverge, was

made by myfelf, with a fimilar event. Dr.

Reid, however, inftead of being led, by the

termination of his experiment, to impute a

fault to the principle from which he had

expected a different one, concluded from

it, that there was fomething unnatural, be-

fidethe fquinting, in the perfon's eyes, uporf

whom it was made } though it had been'

previously afcertained, that objects appeared

in the ordinary manner to each of them, when

feparately employed.

My examination ofthe fecond clafs of

opinions, refpeeting the caufe of the fingle

appearance of objects to] two eyes, being

finifhed, fome perfony perhaps,- will now fay;

Granting that no error can, at firft fight/

be mown in your arguments againft thofe of

Dr. Smith and Dr. Reid, is it not a fuffi-

cient reafon for believing them fallacious,-

that they prove too much ? If objects ap-

pear fingle neither from cuftom, nor an

original property of the eyes, have we not

an effect without a caufe, and muft there

not
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not be fomething wrong in the facts or

reaibning which lead to fuch a conclulionr"

The anfwer I make is as follows : Since

vifible place contains in it both vifible dis-

tance and vifible direction, it is not necek-

fary that the fingle appearance of an object,

to both eyes, mould depend altogether either

upon cuftom, or an original principle of oUr

conftitution ; for its vifible diftance to

each eye may be learned from feeling, and

its vifible direction be given by nature $

in which caie, the unity of its place to the

two eyes, Will be owing to neither of thofe

caufes fingly, but to a combination of both

;

and this I regard as a fufficient reply*

TH5 END OF PART I.

* AN

J

i
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ESSAY
UPON

SINGLE VISION WITH TWO EYES.

PART II.

Ofa new Theory refpefting Vlfible Dlrecllon^ and ofa Solu-

lutlon hence derived of the ^uefion, why Objccls

are feenJingle with two Eyes..

J NOW proceed to offer a new opinion,

why objects are feen fingle with two eyes

;

or in other words, why they appear in the

fame place to both, this being the light in

which I view the fact to be explained.

In every part of natural philofophy, ac-

cidents often lead to difcoveries, which rea-

fon alone might not eafily have reached.

Under this cover I hope to fhelter myfelf

from the charge of preemption, in ven-

turing
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turing to give the folution of a problem,

upon which the talents of many perfons of

great learning and genius, have been unfuc-

cefbfully employed ; for mould I prove

more fortunate than fuch men have been,

this rauft be attributed to the knowledge of

a circumftance I obferved by chance, in

repeating fome very common experiments.

The vifible place of an object being com-

pofed, as I have already feveral times re-

marked, of its vifible diftance and vifible di-

rection, to mow how it may appear the fame

to both eyes, it will be neceffary to explain,

in what manner the diftance and direction,

which are perceived by one eye, may coin-

cide with thofe which are perceived by the

other : and firft with refpect to the diftance.

In judging of diftance by fight, we fre-

quently make confiderable miftakes, even

when the objects are not very remote ; but

no perfon, I believe, has ever obferved, that

while an object fecmed to one of his eyes at

a certain diftance, it has appeared to the

other to be at a different diftance, and from
this circumftance alone has been feen double;

F 2 or
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or, to cxprefs the fame thing in another

way, that while the vifible appearance of an
object to one eye, covered the vifible ap-

pearance of the fame object to the other eye,

the two appearances did not feem entirely

to coincide, and make one, but were feen

feparate by the two eyes. I do not

flop to give the reafon of this fad,

which muft be plain to thofe who are

acquainted with Bifhop Berkeley's theory

of vifible diftance ; but proceed to mention,

that the difficulty in finding a true and fuf-

ficient caufe for the union of the two vifible

places of one or two objects to two eyes,

muff, therefore confift altogether in mowing,

in what manner the two apparent directions

may coincide, confidently with the attend-

ing phenomena.

Since Kepler's great difcovery of the feat

and manner of vifion, there have been, as

far/l know, only two theories offered re-

fpecting the apparent directions of objects.

One is, that they are perceived in the di-

rection of lines pafTing from their pictures

on the retina, through the centie of the

4 eYe
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eye ;
* the other, that their apparent direc-

tions coincide with their vifual rays. But

both of thefe theories are inconfiftent with

the phenomena of fingle virion with two

eyes. For according to neither of them can

an object, placed at the concourfe of the op-

tic axes, be feen fingle, unlefs we have a.

moft accurate knowledge of its diftance ;

nor will either admit two objects to be feen

as one, which are fituated in the optic axes,

whether on this fide, or beyond where they

meet, unlefs the united object be referred

by fight to their very point of interfection ;

both of which conclufions are contradicted

by experience. It is evident, therefore,

that fome other theory of vifible direction is

required, which mall not be liable to thefe

objections ; and fuch a theory, I hope, I

ihall bring forward in the following propo-

fitions,

» Mr.D'Alemberthasfaid COpufculesMathematiquesjTdm. \
p. 365) that all optical writers before him had regarded it as
an axiom, that every vifual point is feen in the direction of its

Vifual ray. But the affertion is not well founded. For Kepler
long ago taught (Paialipomena in Vitellionem, p. j 73 ) that
objeds are perceived in lines palling from their pictures upon
the retina, through the centre of the eye ; in which he was
followed by Dechales and Doctor Porterfield ; to the latter of
Whom Dr. Reid improperly attributes the difcovery of the
J^Hjt fyppofed lav.-.
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Utions, after mentioning the meanings
which I affix to fcveral terms I mail fre-

quently employ.

EXPLANATION OF TERMS.

I. When a fmall object is fo placed with

refpect to either eye, as to be feen more cif-*

tinctly than in any other fituation, I fay it

is then in the optic axis, or the axis of that

eye ; and if another fmall body be inter-

pofed between the former and the eye, fo

as to conceal it, and if a line joining the

two be produced till it falls upon the cor-

nea, I call this line the optic axis, or the

axis of the eye ; leaving for future deter-

mination the precife point of the cornea it

falls upon, or what part of the retina re-

ceives the picture of an object which is

placed in it.

II. When the two optic axes are directed

to a fmall object not very diftant, they may

be conceived to form two fides of a tri-

angle, the bafe of which is the interval

between the points of the corneas, where

the axes enter the eyes j but if the object

be
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be very diftant, then they may be fuppofed

to be two fides of a parallelogram, whofe

bafe is the fame interval. To avoid cir-

cumlocution, I fliall call this interval the

lifual bafe.

III. If there be drawn a line from the

middle of the vifual bafe, through the

point of interfc&icn of the optic axes,

or parallel to them, if they be parallel to

each other, I name it the common axis. *

This term I believe was invented by Alha-

zen i but with him it fignified a line drawn

from the centre of the junction of the op-

tic nerves, through the middle of the in-

terval between the centres of the retinas.

Such

* It may be Paid, perhaps, that as I do not define the points

of the corneas, upon which the optic axes fall, I cannot, with

propriety, defire the line which connects them to be divided.

To this I anfwer, that it is not neceflary for the purpofe I have

mentioned, that they fhould be defined ; if it be granted to me,

and I think it cannot be refufed, that upon whatever point of

the right cornea the right axis falls, the left axis will fall upon

a fimilarly fituated point of the left cornea ; tnat is, if this

point of the right cornea be at any given diftance from its

middle, and upon the infide of it, the conrefponding point of

the left cornea will be at the lime diftance from the middle of

this, and alfo upon its infide. Whatever extent, therefore,

the line connecting thefe places of the corneas may have, its

middle point will be the lame.



Siich a line was confequently immoveable.
As the term, however, is not in modern
ufe, no miftake can arife from confound-
ing the two meanings, and the reafon will

fooci be feen, why I employ it in the fenfe

I have mentioned. Thofe who are ac-

quainted with the writings of the older op-

ticians will perceive, that I give it nearly

the fame fignification as they did to their

common radius.

proposition r,

Cbjeclsfoliated in the Optic Axis> do not appear to be in that

Liney but in the Common Axis.

EVERY perfon knows, that, if an object

be viewed through two fmall holes, one ap-

plied to each eye, the two holes appear but

as one. The theories hitherto invented af-

ford two explanations of this fait. Ac-

cording to Aguilonius, Dechales, Dr.

Porterfield and Dr. Smith, the two holes,

or
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or rather their borders, will be feen in the

fame place as the object viewed through

them, and will confequently appear united,

for the fame reafon, that the object itfelf is

feen fingle. But whoever makes the experi-

ment will diftinctly perceive, that the uni-

ted hole is much nearer to him than the

object ; not to mention, that any fallacy on

this head might be corrected by the infor-

mation from the fenfe of touch, that the

card, or other fubftance, in which the holes

have been made, is within an inch or lef9

of our face. The other explanation is that

furnifhed by the theory of Dr. Reid. Ac-

cording to it, the centres of the retinas,

which in this experiment receive the pic-

tures of the holes, will, by an original pro-

perty, reprefent but one. This theory, how-
ever, though it makes the two holes to appear

one, does not determine where this one is to

be feen. It cannot be feen in only one of

i the perpendiculars to the images upon the

retinas, for no reafon can be given why this

law of vifible direction, which Dr. Reid
thinks eftablimed beyond difpute,. if it ope-

G rates
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rates at all, mould not operate upon both

eyes at the fame time ; and if it be feen by

both eyes in fuch lines, it muft appear

where thofe lines crofs each other, that is,

in the fame place with the object viewed

through the holes, which, as I have already

mentioned, is contrary to experience. Nor is

it feen in any direction, the confequence of a

law affecting both eyes confidered as one or-

gan, but fufpended when each eye is ufed fe-

parately. For when the two holes appear

one, if we pay attention to its fituation, and

then clofe one eye, the truly fingle hole

will be feen by the eye remaining open, in

exactly the fame direction as the apparently

iingle hole was by both eyes.

Hitherto I have fuppofed the holes al-

moft touching the face. But they have

the fame unity of appearance, in whatever

parts of the optic axes they are placed >

whether both be at the fame difrance from

the eyes, or one be clofe to the eye in the

axis of which it is, and the other almoft

contiguous to the object feen through them.

If a line, therefore, be drawn from the ob-

ject to one of the eyes, it will reprefent all
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the real or tangible pofitions of the huie,

which allow the object to be feen by that

eye, and the whole of it will coincide witli

the optic axis. Let a fimilar line be drawn

to the other eye, and the two muft appear

but as one line ; for if they do not, the two

holes in the optic axes will not, at every

diftance, appear one, whereas experi-

ments prove that they do. This united

line will, therefore, reprefent the vilible

direction of every object fituated in either of

the optic axes. But the end of it, which

is toward the face, is fesn by the right eye

to the left, and by the left eye as much to

the right. It muft be feen then in the mid-

dle between the two, and, confequently,

in the common axis. And as its other ex-

tremity coincides with the point where the

optic axes interfeel: each other, the whole

of it muft lie in the common axis. Hence
the truth of the proportion is evident, that

objects, fituated m the optic axis, do not ap- •

pear to be in that line, but in the common
axis.

G % Many
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Many other experiments might be men-
tioned which demonftrate the fame thing.

If, for example, the head of a pin, or of a

needle, be interpofed between each eye, and

any fmall object, to which both the optic axes

are directed, the heads of the two pins or

needles will conft'antly appear as one in the

common axis. When the heads, however,

are near to the eyes, this experiment is not

fo fatisfactory as the former, fince, in thefe

poiitions, they feem as broad tranfparent

fhadows, for reafons known to every perfon

a little converfant in optics ; whereas the

holes appear well defined, though almoft

touching us. Again ± if we hold two thin

rulers in fuch a manner, that their fharp

edges fhall be in the optic axes, one in each,

or rather a little below them, the two edges

will be feen united in the common axis, and

this apparent edge will feem of the fame

length with that of either of the real edges,

when feen alone by the eye in the axis of

which it is placed. Ifinftead of two rulers

we employ two firings of different colours,

as red and green, the like unity of appearance

will
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will be fobferved. But in this experiment

it frequently happens, that, contrary to

what we might naturally expe£t, only one

of the firings is feen at a time. When,

however, only one is feen, its apparent fili-

ation is exactly the fame as that of the

firing, compounded, if I may fo exprefs

myfelf, of the two when feen together ;

and hence we have a convincing proof, if

any were wanted, that the fingle appear-

ances of objects muft depend upon fome

law of vifible direction affecling each eye,

when employed by itfelf, in the fame man-

ner as when it is ufed conjointly with the

other.*

PRO-
* Du Torn- expected, that if two objects of different colours

were feen in the fame place by both eyes, which however he

fays, he was never able to obferve, the colour of the appa-

rently united object would be compounded of thofe of the two

really lingle objects. Memoires des Savans Etrangers, Tom. iv. p.

500. And Dr. Reid mentions exprefsly that it is fo compounded.

Inquiry, p. 293. But in all my experiments upon this lubject I

have remarked, that, when the two objects appeared united,

each was feen, notwithstanding, in its proper colour ; the red, for

example, appearing as it were through a transparent greenj and

the green, in the fame experiment, as through a tranfparent red.

Nor is there any thing in this inconfiftent with the received doc-

trine of the compofition of colours. For in every inftancc of the

production ot a new colour, from rays ofdifferent colours being at

fame
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PROPOSITION II.

jbjefts-ijituated in the Common Axis., do not appear to be in

that Line, but in the Axis ofthe Eye, by which

they are notJeen.

THE fads which demonftrate the truth

of this proportion,- are both numerous and

common.
fame time fent to the eye, thefe rays fall upon the fame fen-

tient extremities of the fame nerve. But, in the cafe before us,

the differently-coloured rays fall upon the fentient extre^

mities of two different nerves, which have no commu-

nication with each other, except through the medium of the

brain. We have greater reafon, therefore, for expetfing, that

the colours impreffed upon the two eyes, fhould be perceived

uncompounded, than there is for two colours being perceived

feparately, which are impreffed upon two different parts of the

fame eye.

From the fad of the two colours being thus perceived dif-

tincl: from each other, I would infer, by analogy, a mode of

argument indeed often fallacious, that if it were poffible for us to

hear any one found with one ea^only, and another found with the

other ear only, fuch founds hvouM in no cafe coalefce either

wholly or in part, as two founds frequently do, when heard at

the fame time by one ear ; that confequently, if the founds of

one mulical inftrument were to be heard by one ear only, and

thofe of another, by the other ear only, we cuuld have little or

no- perception of harmony from fuch founds; and that, if in

any fucceffion of founds emitted by one inftrument, we were to

hear the lft, 3d, jth, and fo on, by one car only, and the zd, 4th,

6th, and fo on, by the other ear only, we would be deprived, in

a. cotmdcrablc degree, of the melody of fuch found;, as this
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common. If a piece of wire, or any other

fubftancc, reprefenting a phyfical line, be

placed in the common axis, with one of its

extremities near to the vifual bafe, and if

both the optic axes be directed to its far-

ther or diftant extremity, inftead of one,

two wires will be feen, meeting each other

at their farther end?, and gradually diverg-

ing as they approach the face, till they ap-

parently terminate at the eyes. If the right

eye be clofed, the wire which feemed to

terminate at the left eye, difappears j and if

the left eye be clofed, then the other wire

difappears , whofe termination was at the

right eye. The real wire, therefore, in the

common axis, appears to the right eye

to be fituated in the axis of the left, and

to the left eye to be fituated in the axis of

the right, agreeably to what the propoli-

t^on afferts.

The following experiments will illuftrate

and confirm both this and the preceding

proportion,

feenis to depend in a great meafure upon a new imprefficn bein;

made upon the auditory nerve by one found, before the im-

prcflion of the found immediately preceding has parTed away.
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proportion. Through a piece of card, or

pafleboard, let two fmall holes be made,
the interval between which is fuch, that

while a very remote object is feen through

one of them by the right eye, the fame

object may be feen through the other by

the left eye. Make afterward another hole

in the card, or pafteboard, exactly in the

middle between the two former ; and let

the object be viewed through them as

before. Thefe, or the outer holes, will

now appear one, precifely where the fenfe

of feeling indicates the middle hole to be

while the middle hole will appear as

two, which feemingly occupy the places

of the real outer ones. The two ap-

pearances of the middle hole, which is

pkced by contraction in the common axis,

are therefore feen in the optic axes ; and as

the left is not feen when the right eye is

/hut, nor the right when the left eye is fhut,

each appearance is obferved in the axis of

the eye, by which it is not feen. As I have

fuppofed the diftance between the outer

holes to be adapted to the interval of the

5 eyes
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eyes when they are directed to a very remote

object, the optic axes may, in this cafe, be

regarded as parallel to each other. The

object, therefore, will null be feen through

thofe holes, though the diflance of the

card from the eyes be confiderably varied

;

and at all the different distances, the fame

appearances will be obferved, as thofe

which have been mentioned.

Again ; take three firings of different

colours, as red, yellow, and green; and

fatten, by means of a pin, one end of each

to the fame point of a table. Place now
their loofe ends in fuch a manner, that

when you look at the pin with both eyes,

the vifual bafe being parallel to the edge of

the table, the red firing may lie in the axis

of the right eye, the green in that of the

left, and the yellow in the common axis.

When things are thus difpofed, and both

eyes are directed to the pin, the red and
green firings, inflead of appearing feparate,

each in one of the optic axes, and inclined

to the vifual bafe or edge of the table, will

now be feen occupying but one place, either

H togejher
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together or fueceflively, as was formerly-

mentioned, and at right angles to the vi-

fual bafe, or edge of the table ; in fbort, ex-

actly in the fituation, which the yellow

firing in reality potteries ; and the yellow

firing, inftead of appearing fingle in the

common axis, and perpendicular to the

vifual bafe, will now be feen as two, each

inclined to the bafe j that feen by the right

eye, apparently occupying the place in

reality poffeffed by the green firing, and

that feen by the left eye, the place of the

red firing.

PROPOSITION III.

X)bje£ls, fituated in any Line drawn through the mutual

Interferon of the Optic Axes to the Vifual Bafe, do not

appear to be in that Line, but in another, drawn through

thefame Interferon, to a Point in the Vifual Bafe dijlant

half this Bafe from the fvnilar Extremity of the former

Line, towards the left, if the Objecls be feen by the Right

Eyey but towards the right, iffeen by the Left Eye.

TWO cafes of this propofition have al-

ready been proved. For it has been mown
by



in the axis of either eye, appear to it to be

iituated in the common axis. But the com-

mon axis is a line drawn thro' the mutual in-

terferon of the optic axes to the vifual bafe,

and its termination there is diftant, by con-

struction, half that bafe, from the fimilar

terminations of the axes of both eyes, to

the left of the right axis, and to the right of

the left. Again, it has been mown by the

fecond proportion, that objects, placed in

the common axis, appear to each eye to be

iituated in the axis of the other ; and the

terminations of both optic axes, at the vi-

fual bafe, are diftant half this bafe, from

the fimilar termination of the common axis,

the left being to its right, and the right to

its left.

Let it now be fuppofed that two objects,

one placed in the axis of cither eye, th

right, for inftance, and the other in

common axis, be viewed at the fame ^

by that eye, it is evident that the chc
directions of both will be equall

to the left, from their real pof

V time

;

v# bje

/ amovedH 2
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fuch an alteration of vifible direction, from

real pofition,cannot be imagined to happen,

with refpedt to objects placed in the optic

and common axes, unlefs a fimilar effect be,

at the fame time, produced upon fuch as are

lituated any where between thofe lines, or

in their vicinity. Facts confirm this : If a

line, for example, be drawn through the

interfection of the optic axes to a point in

the vifual bafe, exactly in the middle

between the terminations there of the right

and common axes, its apparent fituation,

to the right eye, will be found to have the

fame relation to the apparent lituations of

lines placed in the right and common axes,

as its real fituation has to the real fituations

of fuch lines. And the like will be found,

by obfervation, to be true of every other

line, which may be drawn through the

point of interfection of the optic axes to

the vifual bafe.

The whole of what his here been faid

may be illuftrated and confirmed, by having

again recourfe to the experiments with

firings of different colours. In formerly

describing
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defcribing thofe experiments, I did not

mention all the appearances which occurred

upon making them, but only fuch, as had

immediate reference to the points then

under confideration . When, for inflance,

a red firing was placed in the axis of the

right eye, and a green one in that of the

left, I faid that they both appeared in the

common axis. But this is not the only

phenomenon to be obferved with refpect to

their apparent number in this experiment.

For as the red firing is alfo feen by the left

eye, and the green by the right, two other

firings become vifible, belide that in the

common axis, the apparent portions of

both of which will be found to be the fame

with thofe, which oueht to follow from

the prefent proportion. Should now a

yellow firing be placed between the two

former, as in the proof of the fecond pro-

portion, its appearance to the right eye will

bifect the fpace between the appearances of

the red and green firings to that eye -

} and

the like will be true with refpedt to the

appearances of the three firings to the left

5 eye,
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eye, agreeably to what the fame proportion

teaches us to expect.

I believe I need fcarcely remark, that,

although in moft of the proofs and illuftra-

tions of thefe proportions, I have confined

myfelf to the vifible appearances of lines

between the interferon of the optic axes

and the vifual bafe, the fame things, how-

ever, muft be equally true of thofe lines,

when they are produced beyond the interfec-

tion, with this difference only, that, while

the portions within, feem, to the right

eye, to be farther lituated to the left than

they really are, but to the left eye farther

to the right, the portions beyond the in-

terferon will feem to the right eye to the

right of their real pofitions, but to the left eye

to the left of them. For it is manifeft, that, if

a line be feen by one eye in a certain direc-

tion, a prolongation of it muft be feen in

the fame direction ; and that, if a line be

made to turn upon any point in itfelf, the

two extremities muft move contrary ways.

Should the optic axes be parallel to each

other, the fame proofs and illuftrations will

flail
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ftill apply, fince we may ^ere fuppofe them

to meet at an infinite diftance from the vifual

bafe. In this cafe, the vifible appearances

of lines, drawn from this fuppofed point of

interferon to the vifual bafe, will be paral-

lel to the real lines, and diftant half this

bafe from them, through their whole ex-

tent.

AS I have thus, I think, fufflciently

proved, that the apparent directions of ob-

jects are governed by a law, different from

any which has hitherto been thought to

exift, I mall now proceed to ftate, in a few

words, in what manner the phenomena of

(ingle and double vifion with two eyes are

dependant upon it.

I formerly mentioned, that, fince an object:

is never feen double, merely from its being

feen at different diftances by the two eyes,

the only difficulty in explaining its fingle

appearance confifts in mowing how its

two vifible directions may coincide, con-

fidently with the attending phenomena.
But we are enabled to do this, with the ut-

moft



( S6 J

molt eafe, by the theory I have endeavoured

to eftablifh. For, if the queftion be con-

cerning an object at the concourfe of the

optic axes, I fay it is feen fingle, becaufe its

two fimilar appearances, in regard to fize>

ihape, and colour* are feen by both eyes in

one and the fame direction, or, if you will, in

two directions, which coincide with each

other through the whole of their extent. It

therefore matters not, whether the diftance

be truly or falfely eftimated ; whether the

object be thought to touch our eyes, or to

be infinitely remote. And hence we have a

reafon, which no other theory of vilible di-

rection affords, why objects appeared fingle

to the young gentleman mentioned by Mr.

Chefelden, immediately after his being

couched, and before he could have learned

to judge of diftance by fight.

When two fimilar objects are placed' in

the optic axes, one in each, at equal

diftances from the eyes, they will appear in

the fame place, and therefore one, for the

fame reafon that a truly fingle object, in the

concourfe of the optic axes, is feen fingle-

* Here
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Here again, as the two vifible directions

coincide in every point, it is not neceffary

that the united appearance mould be judged

to be at any particular diftance; that it

mould be referred, for inftance, to the con-

courfe of the optic axes, where the two

other theories of vifible direction are

obliged to place it, in oppofition to the

plaineft obfervations.

Objects, any where in the horopter, will

be feen fingle, becaufe their apparent direc-

tions to the two eyes will then completely

coincide. And for a contrary reafon, thofe

placed in any other part of the plane of the

optic axes will appear double. To make

thefe things evident, let a line pafs through

the point of interfection of the optic axes,

and any given obje£t,to the vifual bafe,which

is to be produced, if necelfary • and let it be

called the line of the object's real pofition.

Take afterward, in the vifual bafe, or its

production, two points, one on each fide

of the line of real pofition, and both dif-

tant from its termination there, half the

Vifiial. bafe. Lines drawn from 1

thefe

I points
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points, through the point of interferon

of the optic axes, muft confequently con-

tain the two vifible politions of the object.

But when this is fituated in the horopter,

thelin^of real petition will coincide with

the horopter, and will not therefore reach

the vifual bafe, unlefs at an infinite diftance

from the eyes. For which reafon, the two

lines, containing the vifible oofitions of

the object, rauft fall upon the vifuai.bafe

at a like diftance, and muft confequently be

regarded as coinciding with each other.

When the objecl: is not in the horopter,

the two lines of vifible direction will be

found, by the fame means, not to coincide.

That I might fimplify a matter, which,

under my management, muft, I fear, ftill

be of difficult apprehenfion, I have,

in expreffing the law of vifion, fo frequently

mentioned, purpofely confined it to objects

fituated in the plane of the optic axes.

But in perfons who do not fquint, or whofe

eyes are not diftorted by external violence,

the two appearances of an object:, feen

double, are always, either in that plane,

or
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or in fome one parallel to it -

f fo that, if

the vifual bafe be parallel to the horizon,

a line joining the two appearances will, in

every cafe, be alfo parallel to the horizon-,

Whoever then is able to explain, why ob-

jects in the plane of the optic axes appear

either finglc or double, may readily give a

reafon for the like appearances of fuch as*

are placed any where elfe. Not to fpend

much time, therefore, upon this part of

the fubjecl, I mall fhortly obferve, that if

planes be fuppofed to pafs through the two

optic and common axes, perpendicular to

that in which they all lie, and if two lines

be drawn from any point of the common
interfedtion of the former planes to the vi-

fual bafe, one along each of the per-

pendicular planes which pafs through the

optic axes, thefe two lines will appear as

one, in the perpendicular plane of the

common axis; the fingle vifible line, how-
ever, poflerling the fame elevation, in re-

gard to the horizon, as the two real lines :

And again, that, if a line^drawn from any

point of the fame interferon to the vifual

I Z bafe,
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bafe, along the perpendicular plane of the

common axis, it will appear as two, one in

each of the planes which pafs through the

optic axes ; the two vifible lines having

the fame inclination to the horizon in their

progrefs to the vifual bafe, as the real

fingle one. In this manner, every thing

may be mown to be true, with refpect to

the fingle and double appearances of objects

without the plane of the optic axes, which

has already been done with regard to.thofe

placed in it. But farther; fince any

point, taken at pleafure, in the common
interferon of the three perpendicular

planes, appears fingle, the whole of the

line of interfe&ion muft appear fo, and

likewife every point of a plane made to

pafs through it, parallel to the vifual bafe.

Such a plane neceffarily includes the ho-

ropter, and is the fame as that, which is

called by Aguilonius the plane of the ho-

ropter.

To exemplify the principal property of*

this plane, I mail mention an experiment,

which at firft I did not underftand, though

the
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the refult was a direct confequence of my

own principles. I fufpended a fine chord

at right angles to the horizon, and re-

treating a ftep or two, I looked fteadily at

a point in it, which was upon a level with

my eyes. The chord, in thefe circum-

ftances, appeared Angle ; but whenever I

directed my eyes to any other point of it,

either above or below the former, two

chords would appear, croffi ng each other

at the part, to which the eyes were di reeled:

In the firft cafe, the whole chord was in the

plane of the horopter, but in every other,

only that point of it to which both eyes hap-

pened to be turned. A conclusion from

this experiment is, that no object, which is

truly 'perpendicular to the horizon, will

appear to be fo, while our bodies are erect,

unlefs we direct our eyes to a point in it ex-

actly upon a level with themfelves.

It was once my intention to fubjoin here

feveral inftances, from the moll approved

authors, of inaccurate defcriptions of the

fingle and double appearances of ob-
jects ; in order to mow, that the theory of

viiible
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vifiblc direction, which I have advanced,

is not only confiftent with the uni-

versally received fads, but that it alfo dif-

covers to us, fome minute errors, which

unguided fenfe has committed upon this

fubjecl: -> it being, perhaps, one of the

fureft tefts of the foundnefs, as well as one

of the chief ufes, of theories in philofophy,

that they lead to the knowledge of what,

otherwife, might have remained for ever

hidden. But fearing I have already proved

tirefome, I give up this defign, and haften

to the confideration of fome confequences

from my theory, which feem to me both

curious and important, and which, when

firft mentioned, may appear to carry with

them their own refutation.

Ej^D OF PART II.

AH



ESSAY
UPON

•SINGLE VISION WITH TWO EYES.

PART III.

lOffome Consequencesfrom the foregoing Theory of Objefis

beingfeenJingle with two Eyes, together with the

Explanation offeveral other Phenomena

of Vifion.

It has hitherto, I believe, been thought

by opticians, that, ifthe pofition of the eye be

unchanged, the vifible direction of an ob-

ject will be the fame, as long as its

- picture occupies any one point of the retina ;

and that, in every different pofition of the

eye, a picture, which continues to occupy the

fujme point of the retina, will repreient its

5 object
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object in a different direction. But if the

theory bejuft, which I have advanced in

the preceding part of this Effay, neither of

thofe opinions can be univerfally true.

For it follows, from what was there men-

tioned, that if one of the optic axes be kept

fixed, and the other be at different times

varioufly 'bent toward it, objects, though

lituated in the fixed axis, will neverthe-

lefs change their vifible directions, with

every variation of the moveable axis ; fince

they muft always appear in the common

axis, which alters its pofition with every

change of the moveable axis : And again,

that, if the two optic axes fhould vary

their inclinations to each other in fuch a

manner, that the common axis, may, not-

withflanding, remain fixed, an object

placed in either optic axis, and following it

in every motion, will poffefs but one vifible

direction, in all this variety of real por-

tions. That thefe conclufions from my

theory, or rather parts of it, are true in

fact, I can affert upon, the authority of ob-

ijrrvations, and I mall now attempt to

trace
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trace them both to a common principle,

by means of fome experiments, which

were inftituted with a very different view.

When we have looked fteadily for fome

time at the flame of a candle,or any other lu-

minous body, a coloured fpot will appear

upon every object, to which we fhortly

after direct our eyes, accompanying them

in all their motions, and exactly covering

the point, which we defire to fee the moll

accurately. Whatever therefore can be

proved concerning the apparent direction of

fuch a fpot, in any given poiition of the

eyes, muft. likewife be true in the fame

pofition of the eyes, with regard to the

apparent direction of an object, fituated

at the concurrence of the optic axes; as its

pictures muft occupy, in this cafe, the

very parts of the retinas, upon the affec-

tions of which the illufion of the fpot de-

pends. This being premifed, I mall now
xelate one or two observations, refpecting

the apparent directions of the fpot,and con-

sequently upon thofe of external objects,

K whjch
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which, as far as I know, have not been

mentioned by any other perfon.

I. The fpot is always feen fingle, whe-
ther the furface, upon which it is pro-

jected, be touching the face, or at the

greateft diilance from us ; and the reafon is

plain. For the parts of the retinas, by

whofe affections from the luminous body

it is occaiioned, are thofe likewife which

receive the pictures of objects, placed at the

interfeetion of the optic axes ; and as fuch

objects always appear fingle, fo muft alfo

the fpot. Th^ fact indeed is fo open to

obfervation, and its caufe fo eafily mown,

that I mould fcarcely have thought of men-

tioning it, had not Dr. Darwin* lately told

us, that the fpot is feen double, as often as

the eyes are directed to an object more or lefs

diftant than the luminous body which gave

rife to it. With refpect to our different

affertions upon this point, I mail only fay,

that I have made the experiment, I believe,

upward of an hundred times, uniformly

with
* Phiiofopb. TranCitf. for 1786, p. 318. Dr. Darwin indeed,

(xys, p. 341, that Buffon had obferved the fame fa&'jfaX'rt is evi-

dent he has niiftaken that author's meaning.
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with die fame refult ; and that, if the fpot

ever appears double, this mull be from

fome caufe very wide of a change in the

mutual inclination of the optic axes, to

which he attributes it.*

2. The fpot not only appears fingle

in every ordinary pofition of the optic

axes, but cannot even be made to appear

double, by any means whatfoever. If it be

j>roje<fted, for example, upon a piece of

white paper, whoever makes the trial will

find, that, although, on preffing one eye

upward or downward, or to either fide,

the paper will be leen double, yet the fpot

* The only way, in which I think it poffible for the fpot to

appear doimle/coniiftently with the unnrrrfally acknowledged

fad, that an object at the intcrfeiftion of the optic axes is. always

feen fingle, is this, that, when the interfeftiDn is near to the

face, an object placed in it ihall not fend its pictures to the feme

points of the two retinas, as it does, when the interftiftion is

• more remote. And fuch I ence hoped to find tobe the cafe*

for J had formed, upon the fuppofition of its truth, a more

plaufible account of the manner in which the eyes are fitted t«^

receive, fucceffivcly, pi&ures equally diiiinct from objects at

different diftances, than any I had met with. But, after many
experiments to afcertain the matter, I was obliged t<o reium flo

the common opinion, that the picture of au object in the optic

axis, whatever be its diftanee from the eye, is always received

upon tht fame point of the retina.

K 2 will
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will always appear fingle, and to poffefs

its former place on the paper, as feen by

the eye, which is not difturbed. -Before

I knew therefult of this experiment, I had

imagined, that, the pofition of one eye

being forcibly altered, the external fitua-

tion of the fpot, which was fuggefted by

the affection of that eye, would likewife

be altered, and the fpot by confequence be

feen double. As the event, however, was

contrary to my expectation, I began to

fufpect fome caufe of fallacy had been

overlooked, which at length I thought

might be this, that the fpot had been feen

by that eye only whofe pofition was not

difturbed, the violence, fuffered by the

other, interrupting the due exercife of its

functions. To determine, therefore,

whether my conjecture was well founded

or not, I made another experiment, which

•is mentioned in the following article :

3. Having looked fteadily for fome

time at the flame of a candle, with

one eye only, I directed afterward, with

both eyes open, my attention to the middle

of
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cf afheet of paper, a few feet difiant ; the

confequence of which was, that a fpot

appeared upon it in the fame manner, as*

if I had viewed the flame with both eyes,

though fomewhat fainter. My attention

remaining fixed upon the meet, I now

pufhed the eye, by which the fpot was

feen, fucceffively upward and downward,

to the right and to the left, and in every

oblique direction ; the fpot however nevcr

altered its pofrtion, but kept constantly

upon the middle of the appearance of the

paper, perceived by the undiftorted eye,

though the appearance of the paper to the

diftorted eye, was always feparate from the

former, and the meet confequently feen

double. My conjecture, therefore, was

proved to be ill grounded, and all fufpi-

cion of fallacy in the former experimenti ceafed.

Now it is evident, from thefe two laft

experiments, that the fituation of the fpot

does not depend upon the bare pofition of
the eyes, or elfe, in the former of them,

it would have appeared double, and in the

latter,
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latter, it would have been moved from the

middle of the paper, when the only eye

by which it was feen was pufhed from its

place.
, Neither can it depend upon the

bare portion of the mufcles of the eye, as

theie were aifb moved in the fame experi-

ments ; nor upon any affection whatever

of the optic nerve. For fince this lail

fubftance is altogether pafiive, even in

thole motions of the eyes which do occa-

£on a change of the fpot's fitnation, every

alteration, induced upon the nerve by thoie

motions, mud be ultimately afcribed to a

change of its pofition ; and we have feen,

that limilar changes of its pofition have

been produced by external violence, without

any alteration ofthe fpot's fituarion. The ap-

parent Situation of the {pot being, there-

fore, dependant upon none of thefe circurn-

ftances, and being at the feme time affe&ed

by the voluntary motions of the eye, it

muft, I think, be necefliirily owing to the

eBion of the mufcles, by which thefe

motions are performed. AfFuming then

as true, that the apparent direction of

an object, which fends its pi&urc

to



to any given point of the retina, depends

upon the Hate of action exiting at the fame

time in the mufcles of the eye, and confe-

quently that it cannot be altered, except

by a change in the Jfltate of that action, f

ikall proceed to trace to this principle, fe-

veral phenomena of vifion, particularly the

uniform finglenefs of the fpot already de-

fcribed, and the two facts refpecting the

vifible directions of objects in the optic

axis, which were mentioned in the begin-

ning of this part of my Eilay.

The thing itfelf is univerfally acknow-

ledged,, though a difpute has arifen whe-

ther cuftom or an original property be the

caufe, that every voluntary motion of one

eye, in perfons who do not fquint, is at-

tended with a correfponding motion in the

other- Now as all voluntary motions are

produced by mufcular action, it follows,

that every ftate of action, in the mufcles of
one eye, has its correfponding ftate in thofe

of the other, and that the two are con-
ftantly conjoined. When, therefore, the

fpot appears fingle to both eyes in their

4 free
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free pofitions, the ftates of action in the

mufcles muft be fuch, that the direction,

in which it is feen by one eye, coincides

with that in which it is feen by the other.

But, if we pufh one eye from its place, no

change is hereby made in the action of its

mufcles ; for the ftate of action in thofe of

the free eye is confeffedly the fame as it

was ; and it will be attended with a cor-

refpondingftate in thofe of the diftorted eye;

in proof of which it may be obfervcd, that,

whenever the preffure is removed, the dif-

torted eye immediately returns to its for-

mer pofition, without the aid of any new

mufcular effort. The conclufion then is,

that, fince there has been no alteration in

the action of its mufcles, neither ought

there to be any in the direction of the fpot

feen by it, which is the fact to be ex-

plained.

Hence alfo is to be derived the true

reafon, why objects appear double, when

one eye is pufhed from its place. For as

their pictures muft fall upon points of the

retina in this eye, different from what they

formerly
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formerly poffeffed ; and as no change is

made, by the diftortion, upon the vifible

direction, fuggefted by any part of the re-

tina, the objects will be feen by the prefled

eye, exactly in the fame directions as they

would have been, before it was prefled,

had the pictures //^fallen upon the points

of the retina, which they now occupy.

They muft therefore be now feen in diffe-

rent directions by the two eyes, and confe-

quently double. An experiment with a

contrary event will confirm this explanation,

and likevvife mow more clearly, in what

I differ from thofe who have endeavoured

to account for the fame fact. Both eyes

being open, let out of them be pufhed

from its fituation, and let two fimilar ob-

jects, fuch as two pieces of money of the

fame metal and ftamp, be afterward fo

placed, that one mall lie in each optic axis

;

thefe two objects will now appear to be

one, and the object fo compounded will be

feen in the place, to which the undifturbed

eye refers the truly Tingle object lying in its

axis.

L Another
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Another inference from this doctrine is,

that, if the eyes are in any very unufual

pofition with refpect to each other from
the action of their own mufcles, as in perfons

who fquint, two objects placed in the optic

axes, one in each, will not appear as one

object ; for each will be feen in the direc-

tion, which is determined by the ftate of

action in the mufcles of the eye, upon whofe

retina its picture falls ; and as this ftate,

in one eye, does not correfpond with that

in the other, the directions cannot coincide.

This conclufion is verified by the refult of

an experiment of Dr. Reid upon a perfon,

affected with ftrabifmus, and by that of

another, made by myfelf, both of which

have been already related.

To explain, therefore, why an object in

the optic axis appears at different times in

different directions, though the axis be kept

fixed, it is only necefTaFy to mow, that,

whenever this happens, a change, not-

withftanding, occurs in the actions of the

mufcles which move the eye. With this

view, I obferve, that the motions of that

organ
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organ may be divided into two lets the

firft, confirming of thofe, by which one eye

is carried along with the other, upward and

downward, to the right and to the left, and

in every oblique dire&ion, the interval be-

tween the pupils remaining conftantly the

fame ; the fecond, of the motions of the

pupils, or the anterior parts of the eyes, to

and from each other. Suppofing now,

that both the optic axes are perpendicular

to the vifual bafe ; mould the left axis be

afterward inclined to the right lide, the

natural tendency of the right axis is to in-

cline equally to the fame lide, fo as to pre-

ferve its former parallelifm to the left. This

tendency, however, in the right axis to

follow the left, may be counteracted by an

effort of the mufcles, which regulate the

interval of the pupils, until the two axes

interfeel: each other within two or three

inches of the face. But it is evident, that the

fame degree of mufcular force will be re-

quired to retain the right eye in its original

pofition, as is necelfary to give to the left

eye its motion toward the right j and

L 2 hence^
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hence, that, in every different inclination

of the left axis to the right, an object

placed in the latter, though its real pofition

be unchanged, will, neverthelefs, appear

.in a different direction, in confequence

of the different ftate of action in the rauf-

cles of the right eye, which accompanies

every new degree of inclination of the axes

to each other. As the object mull always

appear in the common axis, the alteration,

in this example, of its vifible direction,

from an increafe of the mutual inclinations

of the optic axes, will be from left to right

;

but when the inclination decreafes, from

right to left. If the right axis be the one

which is moved, and the left fixed, the

alterations of vifible direction in an object

placed in the latter, from fimilar changes

in their inclinations, will be contrary to

thofe which have juft been mentioned.

The reafon alfo can now be made to ap-

pear, why an object, preferving constantly

its place in the optic axis, may, in a con-

siderable variety of its real pofition s, poffefs

but one vifible direction. For, in fuch

cafes,
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-cafes, the change of its vifible direction,

which might be expected to accompany the

motion of the eye in the axis of which it

is fituated, is prevented from occuring, by

a tendency to a change of its vifible direc-

tion the contrary way, produced by the

mufcular actions which regulate the mutual

diftance of the pupils. To know how

this happens, fuppofe the two optic axes

to be parallel to each other, and perpendi-

cular to the vifual bafe -

y and let a phyfical

line be placed in either of them, fo as

entirely to coincide with it. This line will,

therefore, not only be in reality perpendicu-

lar to the vifual bafe, but will, in the pre-

fent ftate of things, likewife appear fo.

—

Incline afterward both the axes equally to

the left fide, and it is manifeft that the line

coinciding,fay,with the rightaxis,muft appear

equally inclined. Let now the right axis

be kept fixed, and the left be carried back

again, and its motion continued, until it

be as much inclined toward the right fide,

as itfelf was juft before, and as the right

axis is ftill to the left fide j the canfe*

quence
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guence will be, that the line in the right

axis muft again be feen perpendicular to

the vifual bafe
; for fuch is the prefent

pofition of the common axis. Here then
we have had two oppofite caufes of change
of apparent direction a&ing in fucceffion.

The mufcular actions, producing the joint

motions of the eyes, flrft bent the vifible

pofition of a line, in the right optic axis,

from a perpendicular to the vifual bafe

toward the left ; and the mufcular actions,

which regulate the mutual diftances of the

pupils, by increajing the inclinations of the

axes to each other, moved it afterward
?

from the left to the right, back again to a

perpendicular to the vifual bafe. Let thefe

two caufes act together, and it is plain,

that no obfervable effect will be produced

by either, as long as they are thus propor-

tioned. When they are not fo, only the

difference of their forces will be exhibited

by the phenomena.

But farther ; to mow the extent of this

theory of vilible direction being dependant

upon the actions of the mufcles of the eyes,

J mall
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t mall now apply it to the explanation of

an inftance of apparent motion, which at

firft may be thought to furniili an argument

again ft it. Look with one eye, the other

being clofed, at any remote object through

a fmall hole in a card* If you mould af-

terward fuddenly attempt to view the hole

itfelf accurately, with the fame eye, you

wili obferve both it and the diftant object,

particularly the latter, to move from left

to right, if the right eye be ufed ; but if

the left eye be the one employed, then from

right to left. Shift now your attention as

fuddenly back from the hole to the object

feen through it, and both Will return to the

places they formerly occupied. In this

experiment, no real change can be fuppofed

to have occurred in the pofition of the

diftant object j and had any happened,

with refpect to either the eye or the hole,

the object would not have been feen through

the latter. No other fallacy, therefore,

exifts here, than that things, which are

truly at reft, appear, notwithftanding, to

be in motion.

Th*
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The argument, which I have mentioned

may hence be derived againft my theory, is

this : The vifible directions of objects, in

the optic axis which remained fixed, were

formerly faid to be altered, becaufe a new

ftate of mufcular exertion was required to

keep it fo, in every different degree of the

inclination to it of the moveable axis. But

in the laffc experiment, there feems no good

reafon for fuppofing any change in the in-

clination of the moveable axis to the other ;

for, as one eye is clofed, the obvious inten-

tion of directing the two axes to the fame

object, which is, that we may fee it lingle,

no longer exifts. If then an apparent

lateral motion be, in one inftance, obferved

in objects truly at reft, without any change

of the interval of the pupils, may not every

other motion of the like kind be alfo inde-

pendant of the mufcular actions, which

regulate that interval ?

It is evident, that this argument refts

altogether upon the fuppofition, that in the

experiment juft mentioned, no alteration

occurs in tfce interval of the pupils. Now,
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we may hi eafily convinced, that fome v

alteration does occur, by applying a finger

to the clofed eye, which will, by this

means, be felt to move toward the nofe,

when we endeavour to view the hole accu-

rately, and from the nofe, when we carry1

our attention back again to the remote ob-

ject. Were, indeed; the opinion of Agui-

lonius * jure, that the mind perceives only

thofe objects diftinctly, which are fituated

at the concourfe of the optic axes, whether -

they are feen with one or with two eyes,

both the neceffity and the degree of the

alteration would be clearly afcertained.

But as this opinion is not iult, which I

mean to prove from experiments in a fuc^

ceeding part of this volume, I mail proceed

to give another reafon, and I think the true

one, why the interval of the pupils mould be

as much altered, when we look with one eye

at objects fucceflively, which are placed at

different diftancesj. as if we were to view
them with both.

It is a fact, for which I have the authori-

ty of experiments almoft without number,

M though
* Optica, p. 84 r



though I do not recollect to have feen it

mentioned by any author befide Dr. Porter-

field, that every change of the mutual pofi-

tions of the optic axes is conjoined, in

perfons who do not fquint, with a change

of the power, in both eyes, to refract the

rays of light which fall upon them.—
When the axes are parallel to each other,

the eyes are in their loweft refracting ftate j

but in their higheft, when the axes are mu-
tually interfered within two or three inches

of the face ; every intermediate inclination

being alfo conjoined with an intermediate

degree of refracting power. Now, fince

thofe objects are feen moll diftinctly, the

radious pencils from which are accurately

brought to points in the retina, it follows^

that, although we employ one eye only,

the fame reafon exifts for adjufting its refrac-

tive power to their diftances,as ifwe faw with

both. When, therefore, we view a remote

object with one eye, we ufe it in its loweft

refracting ftate, which, I nave obferved, is

conjoined with the wideft interval of the

pupils. Should we afterward attempt. toi
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fee accurately a very near object, the eye

will a/fume its higherr. refractive ftate, and

the interval of the pupils be lefTened j the

confequenee of which muft be, that both

the objects lying in the optic axis will ap-

pear to move in the manner already related.

To finifh this part of my fubject, it

feems only neceflary to determine, whether

the dependance of vifible direction upon

the actions of the mufcles of the eyes be

eftablifhed by nature, or by cuftom, i But

facts are here wanting. As far as they go,

however^ they ferve to prove, that it arifes

from an original principle of our conftitu-

tion. For Mr, Chefelden's patient faw

objects fingle, and confequently in the

fame directions with both eyes, immediate-

ly after he was couched
} and perfons

affected with fquintirtg from their earlieft

infancy, fee objects in the fame directions

with the eye they have never been ac~

lujlomed to employ, as they do with the
Other they have conftantly ufed.

Having thus mown in what directions

external bodies are feen, when their fitua-

H ? tion
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t'ion with refpect to the eye is given, and

upon what circumftance the various direc-

tions depend, in which a picture upon any

one place of the retina can exhibit the

object producing it ; I mould render the

theory of vifible direction complete, werp

I now to point out the relative pofitions

of the two lines of direction, in which

any two different parts of the retina re-

prefent their objects. To afcertain this,

•the firft flep muft be, to find the place of

the retina which receives the picture of

an object, whofe fituation with refpect to

the external eye is known ; and if two

fuch points of the retina were', deter-

mined, I think the chief difficulty in this

matter would then be overcome. But as

it appears to me, that the ftructure of the

eye .has not yet been fufficiently explained,

to enable any perfon to take this firft ftep,

I forbear faying any thing more upon the

fubject.

SND OF THE ESSAY UPON SINGLE VISION WITH TWO EYES.

EXPE-



EXPERIMENTS and OBSERVATIONS

ON

SEVERAL SUBJECTS IN OPTICS.

ARTICLE I.

Qn Vifible Pofition, and Vifible Motion.

Jn the eftimates we make by fight of the

fituation of external objects, we have always
fome fecret reference to the pofition of our
own bodies, with refped to the plane of
the horizon ; and from this caufe, we often

judge fuch to be at reft, whofe relative

places to us are continually changing ;

and others to be in motion, though they
may conftantly preferve, in regard to us,
the fame diftance and direction. To give

an
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an inftance, let us fuppofe our eyes firft

$rpcT;ed to a ftar near to the horizon
;

&ouki \ye afterward, by a mere motion of

the head, point them to another, fome de-,

gree.s above tlje former, this fecond ftar will

appear higher than the firft did. Were we
pow

t wj$e the eyes are kept fixed in relation

to the head, and the head in relation to the

fhoujders, to incline the trunk qf the body

backward, until we bring the optic axes to

a third ftar, this will appear ftill higher

than tbn fecond was perceived to be. If

inftead of directing the eyes fuccefllvely to

different objects, the fame object be fuf-

fered to remain at the concurrence of the

joptic axes in all thefe different pofitions of

the body, it is evident, that it muft be feen,

to move, during the change from one poli-

pon to another.

... The facts I have mentioned are fo ob-

vious,, that I fhould not havefpoken of them,

Jkad I not intended they mould introduce

the following queftion : What is there

within us, to indicate thefe pofitions of the

body ? To me it appears evident, that,

fince they are occafioned and preferved by

combinations,
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combinations of the actions of various volUH-

tary rnufcles, fome feeling- mufc attend

every fuch combination, which fuggefts,

from experience perhaps, the particular po-

rtion produced by it. But in almoft all the

pofitions of the body, the chief part of our

mufcular efforts is directed toward fuftain-'

ing it againft the influence of its own gra-'

vity. Each polition, therefore, in which

this takes place, muft be attended with a

feeling, which ferves to indicate its relation

to the horizontal plane of the earth j and

confequently, if our bodies poffelled no gra-

vity, or, if the thing were poilible, had we'

been created unembodied fpirits, but with

the fame faculties of perception as we enjoy

at prefent, we could no more have judged

one line to be perpendicular, and an-

other to be parallel to the horizon, than

we can at prefent determine, without fome

external aid, which is the eaftern, and

which the weflem point of the heavens-

I fhall now draw from thefe principles, the

explanation of a fadt, which was firfb men-
tioned by one of the moft ingenious authors

t&at
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that have written upon virion, but left

by him ftill to be juftly accounted for.

J! I have frequently (fays Mr. MelviJl)*
• k obferved, when at fea, that; though I

" preffed my body and head firmly to a cor-

" ner of the cabin > fo as to be at reft in

'•! refpecl: to every objecl: about me, the diffe-

*i rent irregular motions of the {hip, in roll-

'* iag and pitching, were ftill difcernible by

" fight. How is this fact to be recon-

*f ciled to optical principles ? Shall

" we conclude that the eye, by the

* c fudden motions of the veffel, is rolled

V outdf its due pofition.? Or, if it retains a

<f fixed fituation in the head, is the percep-

tion of the (hip's motion, owing to a ver-

** tigo in the brain, a deception of the ima-

gination, or to what other caufe Y*

I need not, I believe, offer to mow, that

the fadl here fpoken of, is not owing to any

cf the caufcs Mr. Melvill has fpecified.

I fhall therefore, in a few words* point out

its dependance upon the principles which

have juffc been mentioned.

It is generally known, I fuppofe, that

tyhen a veffel at fea, in the language of failors,

is

* Edinburgh PhyficalEflays,' vol. ii. p. 87.
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is faid to pitch, its two extremities turn,

upon its fhorter axis, and that the term

of rolling is confined by them to its mo-

tions upon the longer axis. In both pitch-

ing and rolling then, the relative portion

of a verTel to a horizontal plane is necefla-

rily changed. Confequently, though, in

the above-mentioned experiment, Mr. Mel-

vill's body and head were at refl with re-

fpect to every object about him, jftill a differ-

ent degree of mufcular effort was required

to keep them fo, in every fuch different

pofition of the vefTel. But each degree of

mufcular effort, to fuffain his body againft

the operation of its gravity, would fuggeft to

him its concomitant pofition with regard to

the plane of the horizon $ each deviation,

therefore, of the veifel from its former fili-

ation, relatively to the fame plane, would

fee perceived, and the veffel itfeif be feen to

move. In fhort, nothing more takes place

in this, than in the following experiment

:

Let a pole be placed upon firm ground, at

right angles to the horizon. If, while we
are {landing erect," it- be inclined upon its

N lower
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lower extremity, fuccefllvely backward and

forward, to the right and to the left, thefe

motions mud, without contradiction, be

perceived. Suppofe now, our bodies to be

fimilarly inclined with the pole, during its

different pofitions, fo as to be conftantly

parallel to it ; it is evident, that its motions

will be as readily perceived in this cafe, as

they were, when our bodies were erect j

and this is all that happens in the experi-

ment of Mr. Melvill.

Should the neceffity of fupporting the

body againft its gravity, by the actions of

our voluntary mufcles, be fulpended in

whole, or in part, our judgments of the

fituation of objects, with refpect to the ho-

rizon, muit become irregular and uncertain,

notwithftanding any general habit we may

have acquired from experience. An in-

ftance of this, I think, I have obferved

;

for I have frequently remarked during a fea

voyage, that, when the wind blew fo

ftrongly, and in fuch a direction, as to oc-

cafion the veflel to heel, or lean much to

one fide, chords freely fulpended from the

4 roof
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roof of the cabin, and kept ftretched by

heavy bodies attached to them, have ap-

peared to me, as long as I lay in bed,

though they were neceflarily perpendicular

to the horizon, to decline confiderably

from that pofition ; while the fides of the

cabin feemed, if not perpendicular, at leafl

much lefs inclined to the horizon than

they were in reality. My body being here

fupported by the bed, I was confcquently

without thofe feelings, which indicate its

pofition with refpect to the horizon. Ob-

jects therefore appeared to me in thole fitu-

ations, in which I had been accuftomed to

fee them. In confirmation of which I

may mention, that, when I got up, and

flood upon the floor of the cabin, the chords

feemed perpendicular, or nearly fo, and

the fides of the cabin inclined for I was

now obliged to exert a proper degree of

mufcular^force, to keep myfelf upright.

What I mm fay, however, is from the

recollection of things obferved fome years

ago, when I had no thought of making tho

ufc of them I now do ; for which reafon,

N 2 I may
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I may poffibly have committed fome trifling

error in ftating them 5 but none, I believe,

fufficient to affect the theory they are

brought to fupport.

It being my intention to treat, in the

prefent article, of feveral facts relative to

vilible pofition and motion, which feem to

me to need explanation, without regarding

whether or not they depend upon any com-

mon caufe $ I pafs to the confideration of the

apparent rotation of objects, when we

have become giddy, by turning ourfelves

quickly and frequently round.

Some of the older writers upon optics

imagined the vifive fpirits to be contained

in the head, as water is in a verTel, which

therefore, when once put in motion by

the rotation of our bodies, mult continue in

it for fome time after this has ceafed ; and

to this real circular movement of the viiive

fpirits, while the body is at reft, they at-

tributed the apparent motions. _oi objects

in giddinefs. Dechales* faw the weak-

nefs of this hypothefis, and conjectured,

that

* Curfu3 Matbemat. Tom, ii. p. 433.
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that the phenomenon might be owing to a

real movement of the eyes, but produced

no fact in proof of his opinion. Dr. Por-

terfiejd, * on the contrary, fuppofed the

difficulty of explaining it to confift in

mowing, why objects at reft appear ir>

motion to an eye which is alfo at reft.

The folution he offered of this reprefenta-

tion of the phenomenon, is not only ex-

tremely ingenious, but is, I believe, the only-

probable one which can be given. It does

not s'pply, however, to the fact which truly

exifts ; for I mall immediately mow, that

the eye is not at reft, as he imagined. The
laft author, I know of, who has touched

upon this fubject, is Dr. Darwin. -f His

words are, " When any one turns round ra-

u pidly on one foot till he becomes dizzy,

" and falls upon the ground, the fpectra of
" the ambient objects continue to prefent

" themfelves in rotation, or. appear to li-,

«' brate, and he feems to behold them for

«• fome time in motion." I do not indeed

pretend

* Treatifc on the cye_ Vol. ii. p. 42 6.

•J-
Philofoph. Tranfaft. Vol. kxvi. p. 3 ij.
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pretend to understand his opinion fully j

but this much feems clear, that, if fuch an
apparent motion of rhe furrounding objects

depends, in any way, upon their fpectra,

or the illufive reprefentations of thofe ob-
jects, occafioned by their former impremons
upon the retinas, no fimilar motion would
be obferved, were we to turn ourfelves

round with our eyes fhut, and not to open
them till we became giddy ; for in this cafe,

as the furrounding objects could not fend

their pictures to the retinas, there would,

confequently, be no fpectra to prefent them-

felves afterward in rotation. But who-
ever will make the experiment, will find,

that objects about him appear to be equally

in motion, when he has become giddy by

turning himfelf round, whether this has

been done with his eyes open or /hut. I

mail now venture to propofe my own opi-

nion upon this fubject.

If the eye be at reft, we judge an object

to be in motion when its picture falls in

fucceeding times upon different parts of the

retina 5 and if the eye be in motion, we

judge
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judge an object to be at reft, as long as the

change in the place of its picture upon the

retina, holds a certain correfpondence with

the change of the eye's pofition. Let us

now fuppofe the eye to be in motion,

while, from fome diforder in the fyilem of

fenfation, we are either without thofe feel-

ings, which indicate the various pofitions

of the eye, or are not able to attend to them.

It is evident, that, in fuch a ftate of things,

an object at reft muft appear to be in mo-

tion, fince it fends in fucceeding times its

picture to different parts of the retina*

And this feems to be what happens in giddi-

nefs. I was firft led to think fo from ob-

serving, that, during a flight fit of giddi-

nefs I was accidentally feized with, a co-

loured fpot, occafioned by looking fteadily

at a luminous body, and upon which I

happened at that moment to be making an

experiment, was moved jn a manner al-

together independant of the pofitions i con-

ceived my eyes to poftefs. To determine

this point, I again produced the fpot, by

looking fome time at the flame of a candle

;

then.
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then turning myfelf round till I became

giddy, I fuddenly difcontinued this motion,

and directed my eyes to the middle ofa meet

ofpaper, fixed upon the wall of my chamber.

The fpot how appeared upon the paper, but

only for a moment ; for it immediately af-

ter feemed to move to one fide, and the

paper to the other, notwithstanding I con-

ceived the pofition of my eyes to be in the

mean while unchanged. To go on with

the experiment, when the paper and fpot

had proceeded to a certain diftance from

each other, they fuddenly came together

again; and this feparation and conjunction

were alternately repeated a number of times;

the limits of the feparation gradually becom-

ing lefs, till, at length, the paper and fpot

both appeared to be at reft, and the laiter

to be projected upon the middle of the for-

mer. I found alfo, upon repeating and

varying the experiment a little, that when

1 had turned myfelf from left to right, the

paper moved from right to left, and the

fpot confequently the contrary way; but

that when I had turned from right to left, the

paper would then move from left to right.

Thefe
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Thefe were the appearances obferved while

I ftood erect. When 1 inclined, however,

rny head in fuch a manner, as to

bring the fide of my face parallel to the

horizon; the fpot and paper would then

move from each other, one upward and the

other downward. But all thefe pheno-

mena demon ftrate, that there was a real

motion in my eyes at the time I imagined

them to be at reft ; for the apparent fltua-

tion of the fpot, with refpect to the paper,

could not poflibly have been altered, with-

out a real change of the position of thofe

organs. To have the fame thing proved

in another way, I defired a perfon to turn

quickly round, till he became very giddy ;

then to ftop himfelf and look fteadfaftly at

me. He did fo, and I could plainly fee,

that, although he thought his eyes were

fixed, they were in reality moving in their

fockets, firft toward one fide, and then to-

ward the other.

The laft inftance of vifible motion I mail

notice, is one which has been mentioned

by Mr. Le Cat, in the following words :*

* Traite des Sens, p. 419.

O " Place
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" Place a lighted candle at a mo derate dif-

" tance from a polifhed body of confiderable

" convexity, fo that the image of the flame,

" which is feen by refledion from it, may
" appear as a fmall luminous point. The
" experiment will fucceed better, if the di-

*' red: rays of the flame be intercepted

" from the fight. Clofe, after this, one

*' eye, and view the luminous point in a

" carelefs way, fen revantJ that is to fay,

<£ with the eye in a relaxed or dilated ftate.

The point will then be feen enlarged and

" radiated. If you bring now your fin-

" ger to the right of the eye which is open,

" and gradually move it toward the left,

" in order to conceal the luminous point

" from this eye,, you will diftinftly perceive

* f the fhadow of your finger to proceed from

left to right, and to pafs over the point

" in a direction, contrary to that which

" you gave it. Should you, afterward,

" move your finger back from right to left,

C£ and in like manner, if your finger be

" moved from abdve downward, or from

" below upward, the fhadow will always

proceed
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« proceed the contrary way. It is there-

" fore manifeft, that the foul muft here

" fee objects inverted, as their images

" in the eye truly are; and that it refers

" impreffions to thofe parts of the eye

" where it feels them, and not to the places

" from which the rays are emitted, as

*' it does when it polfeffes the means

" of rectifying its judgment. Whence
" does this happen ? Doubtlefs, becaufe

t( the luminous point has neither a high

" nor a low, neither a right nor left fide,

" nor any well- enlightened object in its

" vicinity, to awaken the attention of the

" foul ; in fhort, nothing which can de-r

* ( termine its judgment."

I mould fcarcely have mentioned this

experiment, from any refpect for the autho-

rity of its author in optics ; but as Hallerf

feems to affent to the conclufion he draws

from it, that the foul fometimes fees ob-
jects inverted; and as the Abbot Derochon,-)-

a member of that learned body, the Aca-

* Elementa Phyfiologins, Tom. v. p. 479.

f Mcmoircs dcPhyfique, p. 66.

O 2. demy
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demy of Sciences of Paris, has lately, but
in my opinion unfuccefsfully, attempted
to reconcile it to the commonly- received

principles of vifion, I think it worth
while to mow, in a few words, that it is a

direct confluence of the very docTrine

Mr. Le Cat means to overthrow by its

means.

It would be proper, indeed, to mention

before hand, the opinion of the Abbot

Derochon ; but this I mud, notwith-

Handing, omit doing, as it could not be

underftood wichout the figure by which

he has illuftrated it. I fhall obferve, how-

ever, reflecting it, Jirji, that it requires

the fide of the finger next to the eye, to

be without the |eaft illumination ; whereas

the experiment wiil fuccced, whether it

be illuminated or not: fccondly^ that, ac-

cording to it, the experiment ought to fuc-

ceed equally well, whether the image of

the flame in the mirror be feen as a point,

or as a furface ; though, in truth, it never

does fucceed, except in the latter cafe

:

thirdly> that the apparent fhadow of the

finger
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finger is always much larger than it ought

to be, were it feen byjreiledtion, as the Ab-

bot thinks : fourthly, that, while the

eye, mirror, flame, and finger, remain in

the fame polirion?, the madow feems at

one time larger than at another, owing

to the different degrees of relaxation in the

eye j but that this, for the reafon juft

mentioned, ought neve to happen, accord-

ing to his theory: fifthly%
that, agreeably

to his own reaioning, tha fhadow ought

to move in the fame dire&ion with the fin-

ger, which is the very reverfe of the fad;

to be explai ned. But as arguments againft

error may be infinitely extended, and as

only one folutionof a phenomenon can be

true, the readied way of expofing the in-

efficiency of others, is to exhibit that

which isjuft.

This, in the prefent cafe, feems to lie

upon the very furface of optical knowledge,

and has already heen given by others,

of various forms of the fame fad. When
{he image of the flame is feen in the

mirror as a point, its rays muff, be accu-

rately
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rately collected to a focus in the retina ;

but when ieen as a furface, this muft ne-
MP*

ceflkrily be attributed to their focus being

either before or behind it >, in either of

which cafes, they will occupy a place upon

that membrane of fome affignable dimen-

fions. In the prefent inftance, their dif-

fusion over a part of the retina, depends

on the focus being behind it ; for the eye

is now, from a condition of the experi-

ment, in a more relaxed ftate than it was

juft before, when the rays of the fame object

were brought there accurately to a point.

The rays, therefore, which go to the right

fide of the enlightened furface of the re-»

tina, or pi&ure as I mail call it, are thofe

which enter the eye at the right fide of the

pupil, and its left ride is formed of the rays

entering at the left fide of the pupil ; and

the like muft be true of its upper and lower

parts. Should we then begin to move a

finger from right to left acrofs the eye,

the rays forming the right fide of the pic-

ture muft be firft intercepted. But from

the known fact, that the points of an ex-

ternal object are always in an inverted

poiitionj
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pofitlon, with refpett to the parts of* the

retina, by the affections of which they are

fuggefted, when the right fide of the pic-

ture there is effaced, the left fide of the

external object it fuggefts muft difappear.

And for the fame reafon, if the motion of

the finger be continued from right to left

acrofs the eye, the other parts
r

of the

luminous furface in the mirror will fuc-

cefiively vanifh from left to right, and

thereby furnifh the appearance of a £ha-

dpw pafiing over it in ^that direction.

—

In like manner, it may be mown, that if

the finger proceeds from left to right,

from above- downward, or from below

upward, the fhadow mull move the oppc-

lite way.

That this is the true explanation of Mr.
Le Cat's experiment, is, I think, plain,

both from its intrinfic evidence, and the

following confiderations :—If the mirror

be brought within four or five inches of the

eye, and the candle be fo placed, that the

image of the flame muft, from the laws of
reflection, be regarded as a mer^ point ;

5 though
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though we mould now view it with the

utmoft care, and though ih.re fhoula be

in its neighbourhood fome weli-enli^htened

object to awaken the attention of the foul>

as Mr. Le Cat expreffes ?t, ft;ll the teem-

ing frudow will move in a direction Contra-

ry to the ftiiger. For the image is now fo

near to the eye, that no exertion we can

make is fufficient to bring its rays to a

point upon the retina ; the picture, there-

fore, upon that membrane Will be formed

of rays paffing to a focus behind it, which

is the only condition neceffary for the fuc-

cefs of I he experiment. Again, if a fhort-

fighted perfon mould place the mirror at

the diftance of fome feet from him,'

complying in other refpects with Mr. Le

Cat's inftructlons, he will confiantly

obferve the fhadow to move in the fame

direction with the finger. For, in his eye,

the rays of the image, when at fuch a

diftance, mull meet before they fall upon

the retina. The right fide, therefore, of

the picture upon that membrane, muft be

compofed, in this cafe, of rays which

enter



(
toj )

enter the eye at the left iide of* the pupil.

Confequently, when thefe are cut off, the

left fide of the apparent luminous furface

muft difappear, and the fhadow be feen to

move the fame way as the finger, when

this fucceffively intercepts the rays pro-

ceeding from the image to the eye.*

* Scheiner obferved a fact of the like kind (Fundamentum

bpticum, p. 33 ; namely, that, if a fmall hole, made in any

fubftance, be held near to the eye, and an opaque body be pair-

ed between them, from right to left, the left fide of the hole will

firft dulippear. Mr. Grey afterward took notice (Philofoph.

Tranfact. Vol. xix. p. 286) that a needle he employed in this

experiment was feen inverted ; from which he fiippofcd that the

hole, or fomething in it, produced the effect of a concave fpecu-

lum. Mr. Harris, however, fays (Treatife of Optics, p. 141)

that it is not the needle, but its lhadow on the other fide, which

is feen, and is the caufe of the inverted appearance. But the

truth is, that the hole is to be regarded as a luminous point, the

rays of which fall upon the retina before they are collected to

a focus ; and hence that the fame appearances muft be here

obferved as^in the experiment of Mr. Le Cat. In proof of this

it may be mentioned, that if the hole be placed at fuch a diftance,

that the eye may refract its rays accurately to a point on the re-

tina, no fhadow or image of the needle will be feen ; that if the

hole be ft ill farther removed, and the eye be adapted to a lefs

diftance, the lhadow or image will again appear, but its pofition

•Will now be upright, and its motion the fame way as that of the

needle itfelf ; and laftly, that, at one given diftance of the hole,

either no fhadow will appear, or it will be feen upright, or it,

will be feen inverted, according as the eye may be made to aflume

different ftatej with refpeft to its power of refraction.

P AR-
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ARTICLE II.

On efuppofed Gonfequence of the Duration of Imprefions

upon the Retina ; and the Effefis of accurate Fijian

being confined tt afmgl* Paint of that Membrane:

FEW things, at firft, appear more in-

credible to a perfon, not converfant in

optics, than that he does not, at any one

time, fee diftin&ly a furface larger than the

Jiead of a pin. After he is convinced, by

proper trials, of the truth of this, he

naturally afks, Whence comes it then,

that, in ordinary vifion, I feem to view

diftinftly fo many objects at once ? I go

into a crowded ftreet, and I fancy I have

an accurate perception by fight, of men,

koufes, carriages, and many other things,

all at the fame time ; whence proceeds

this illufion ?

Only one anfwer, as far as I know, ha«

been given to this queftion. The impref-

fions made upon the retina by external

objects, do not, it is faid, immediately

ceafe
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ceafe, along with the reception of the rays

which flow from them $ and, as in the

ordinary mode of virion, the eye is conti-

nually pafling from object to object,, the

impreffion left by a former one may be ftill

vivid, though the eye be directed to an-

other ; and hence we may imagine we fee

both of them diftinctly, though the

picture of only one occupies that place of

the retina, which alone furnifhes us with

accurate virion.

There are, however, objections to this

anfwer, which feem to mc infurmoun table.

For, in the Jirji place, as the duration of

impreffions on the retina muft be greater

or lefs, according to the vivacity of the

pictures which occafion them, it follows,

that, were this anfwer juft, the apparent

f}eld of our diftinct vifion ought to be in

proportion to the quantity pf light ad-

mitted by the eye -

y that it (hould be con-

tracted, therefore, by every cloud which
paries over us, and be enlarged by every

burft of funlhine; that, at mid-day, it

ihould poflefs its greateft extent, and

P 2 ought
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ought from that time gradually to decrcafe

till the evening, when its limits ihould be

nearly the fame with thofe of the real field

of accurate vilion. Secondly, fmce the

coloured fpot, which is produced by look-

ing fteadily for fome time at a luminous

body, appears projected upon every object

to which we direct our eyes, during

its continuance, and as fuch a fpot is ne-r

ceffarily the fign and effect of the duration

of an impreffion upon the retina; every

other vifible appearance from the fame

caufe ought, in like manner, to have its

fituation determined by the pofition of

the eye, as far as this may be occafioned by

the action of its mufcles. No objecl:,

therefore, ought to appear feparate and

diftinct from others, if the anfwer were

true which I am combatting j but, on the

contrary, all thofe to which we fucceffive-

ly direct our eyes during the limits of the

duration of an impreffion upon the retina,

mould feem crowded into one place ; and,

confequently, none of them fhould be

perceived with any tolerable accuracy.—

Such
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Such are the conclufions from the truth

of this anfwer. I need fcarcely mention,

that they are contradicted by experience.

There is another form of the fame facT,

to which, it may be thought, an explana-

tion taken from the duration of impremons

on the retina will better apply ; I mean

the appearance of a fiery circle, when any

red-hot body is moved quickly round,

But it feems, to me, that fuch an explana-,

tion cannot even here be admitted, For,

if the circle depended upon the caufe I

have mentioned, it could only be obferved

as long as the impreffions upon the retina

were alfo difpofed in the form of a circle.

Were this broken upon, which it mufl be

by every movement of the eye, the appear-

ance fuggefted by the laft impreffion would

no longer be fo arranged, with refped: to

the appearance fuggefted by the prefent

impreffion, as to lie with it in the circum-

ference of a circle
} and hence fom<5

very different figure would be obferved.

Every perfon, however, may cafily con*

Vince himfelf, that the circular form of

the
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the fiery appearance is equally perceived,

whether the eye be at reft, or be moved in

the moft irregular manner.

If thefe arguments be thought fufficient

for the purpofe I had in view, it muft alfo

follow from them, fmce the fad: flill

remain? tQ be explained, why we appa-

rently fee fo many objects with equal

diftin&nefs at once, that paft imprefhons

upon the retina are perceived a& prefent,

by means of fome higher faculty than that

of light. This faculty cannot, with pro^

priety, be named memory, as it is efjential

to a thing's being remembered, that it he

perceived as paft. Nor can it be called.

imagination, fince we believe in the prefent

exiftence of what it perceives. In one

point of view it may feem rather a defect,

in our natures, that we mould not be able

to diftinguifh between things paft and

prefent. However this may be, I am in-

clined to be of opinion, that many other

phenomena, both of thought and external

fenfe, are partly to be refolved into the fame

general faft. From the prefent inftance of

it,
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it, we learn, that feveral rnufcular a£tion3

may be performed, in fucceflion, during

the leaft perceptible portion of time.

The queftion I have juft treated, na-

turally gives rife to another: Would it

have been more to our advantage, if accu-

rate vifion, inftead of being confined to

one point of the retina, had been poffeiled

by every part of that membrane? I

anfwer, I think not, for the following

reafons.

* Firft ; The diffufion of fuch a property

over the whole retina would be of little

ule, unlefs our power of attention was alfb

increafed. For we would otherwife be ftill

unable to perceive more than one vifible

object at once, with diftinctnefs, fince,

by our prefent conftitution, we are capable

of attending accurately to only one thing

at a time. The only benefit, indeed, I

can fee to arifefrom fuch a condition of the

retina, is this, that our attention might be

fhifted more quickly from picture to pic-

ture on that membrane, than our eyes can

he turned from one external object, to

another.
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another. ' This advantage, however;

would be far out-weighed by an in-

convenience accompanying it. For it is

a well-known fad, with refpecl: to percep-

tion, that we are capable of attending,

more or lefs accurately, to any particular

impreflion upon the fenfes, in proportion

to the force of the other impremons,

Which are at the fame time received. But

in the fuppofed ftate of the retina, there

would be, almoft always, feveral impreflios

of the fame ftrength as the one to which wc<

might defire particularly to attend ; where-

as, in its prefent ftate, the vivacity of the

impreffion from the object, to which we

turn the optic axis, moft commonly fur-

paffes, confiderably, that of every other

upon the fame membrane -> by which

means our attention is rendered lefs liable

to interruption.

Secondly ; The extenfion of accurate

vifion, to every part of the retina, would

deprive us, in great meafure, of the help,

which we obtain, at prefent, from the eye,

in learning the thoughts of other men.

As



As far as I have been able to obfervej th$

changes produced by our internal feelings,

Upon the ftate of the eye itfelf, are very

few, and relate only to the quantity of

moifture, which is difFufed over its furface,

and the degree of fulnefs in the blood-

veffels, which are fpread upon its white

and glifiening part. Both of thefe cir-

cumftances, however, are limilarly altered

by oppofite paffions, and, confequently,

neither of them can be regarded as the

appropriate expreffion of any. The whole

variety, then, of the expreffions of feeling,

which are juftly attributed to the eye,

muft, I think, depend upon its motions,.

Some of thefe are the immediate effects of

certain paffions ; the eye, for inftance,

being moved differently in anger and in

grief ; and fuch.may he eftcemed as di-

rectly expreffive of the paffions by which
they are produced. But the far greater

number of them do little more, than mere-

ly point out the external caufe, or object

of the fentiment, which the changes of

ether parts of the countenance declare to

exitf
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cxift within us ; or diftinguim Certain ex<*

ternal appearances depending upon a men~

tal caufe, from fimilar appearances arifing

from a different fource. Thus, bluming

is often diftinguifhed from an accidental

flufh of the cheek, by the eye being turn-

ed away from the perfon who occafions it.

That many of the expreffions, which

we attribute to the eye> do in fact depend

on changes in other parts of the coun-

tenance, is -evident from the alterations

we think induced upon it, by the eye-

lames falling off from difeafe, by a flight:

inflammation of the edges of the eye-lids,

without its being communicated to the eye

kfelf, by artificially colouring the eye-

brows, and by many other fimilar circum-

ftances. And how effential to the right

undemanding of the expreffions of theother

features, are the motions of the eyes, when

conducted with defign,and properly directed,

irmft be known to every one, who has

attended in difcourfe to the countenances

of very ihOrt-fighted people, and more

especially to thofc of perfons afflieled witl>

bliodn e/s



folindnefs from a gutta fcrena, in which

the eye, with refpect to its external

condition, feems without fault. But

whatever is the afliftance the motions of the

eye afford, in exprefiing our internal feel-

ings, the whole of it muft ultimately be

referred to the circumftance of accurate

vifion being confined to one point of the

retina ; fince the intent of thofe motions

is, to bring the pictures of external objects

upon the moil fenfible part of that

membrane. Their neceffity, therefore,

would no longer exift, if the fame

property were extended, and the advan-

tages we at prefent enjoy from them
would, confecjuently, ceafe.

Q 2 jvr-
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ARTICLE III.

On the Conttffiion between the different refractive States of

the Eyes, and the different Inclinations of the

Optic Axes to each other.

I HAVE mentioned, in my Effay upon
Single Vifion with Two §yes,* that I had
been convinced,by experiments almoft with-

out number, that every different degree of the

mutual inclination of the optic axes, is at-

tended by a different ftate of the refracting

power of each eye
f

The experiments I

there alluded to were chiefly of this fort.

I placed a luminous point, moft commonly

the reflected image of the flame of a candle

from the bulb of a fmall thermometer, at

iuch a diftance, that when both my eyes

were accurately directed to it, its vifible

appearance to one of them was likewife

that of a point. Keeping then the axis of

this eye fixed, and making the other to

crofs it, fometimes before and fometimes

f>ebind the luminous point, I found that in

both

f p. 82.



i?oth cafes it appeared as a furface to the ey%,

in the axis of which it was fituated; and

that the more remote from it was the con-

currence of the axes, the larger was the

luminous furfacef Now when the axq$

met 'before the point, the apparent furface

muft have been occaiioned by the ray?

/coming to a focus, preyioufly to their

incidence upon the retina ; becaufe, when.

I palled mr

j finger acrofs the eye by which

it was feen, lis parts disappeared, in an

order correfponding to the direction in

which the finger moved. The disappear-

ance of the parts was in an order, contrary

to the motion pf the finger, when my optic

axes interfered each other beyond the

point ; which is an equal .proof, tha£ the

rays, in that cafe, tended to a fo.cus behind

the retina.

One application of thjs fact ^"as ajready

been mown,* and J fhalj now proceed tq

mention feyeral other phenomena in viiion
?

which it may ferve either in whole, or in

part, to explain.

* EiTay upon Single Vifion, p. 53 .
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i. It accounts for the following beaut'i,

ful obfcrvation made by Aguilonius,f that

jf we clofe one eye, and look with th&

other at an object placed in its own axis,

we will not be able to fee this objeft

distinctly, unlefs we alfo direct to it the

axis of the clofed eye. For in perfons,

wljo are neither prefbytic nor myopic, the

refractive ftates of the eyes are fo adapted

to the mutual inclinations of the optic axes,

that pencils of rays flowing from bodies at

moderate diftances are more accurately

Collected upon the retina, when they are

fituated at the intersection, of thole lines,

than if their pofition was, in any conii-

deraMe- degree, either nearer or more re-

mote. ' The reafon given by Aguilonius

himfelf, is. that the mind perceives only

thofe objects diitinctly, which are placed

at the concourfeof the optic axes. But the

following experiment pr6ves that the folu-

tion is true no farther, than as it coincides

with the one I have advanced. Hold, in

the axis of either eye, a concave lens, at

fuch

% Aguyonii Optica/ p. £4,
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fech a diftance, that the letters of a book

j

placed a little farther off, may appear

through it very indiftinct to that eye, when

both axes are directed to any particular

word. View afterward the lens itfelf with

both eyes, and the letters will immediately

become more diftinc"t. In this experiment

then, an object is more accurately perceived

when diftant from the concourfe of the

optic axes, than when fituated exactly in

it.

It may be faid, perhaps, that the dif-

tin&nefs of the letters is here to be attri-

buted to the contraction of the pupil,

whicli is occalioned by the eyes being

directed to a nearer object than they were

formerly* But that this is not the cafe,

may be made evident by another experi-

ment : Place a convex lens in fuch a man-
ner before one eye, that the flame of a

candle, at the diftance of two or three feet

from the face, may appear indiftindtly

terminated to that eye, when both axes are

pointed to it,... The fame eye being kept

fixed., .let the two axes afterward meet

fyeyond'



beyond the flame, and it will' now be' feeii

much better defined, though the pupil is at*

the fame time become larger. The infuf-

fickncy of the explanation of Aguiloniu6,is

alio proved,, by a circumftance frequently

noticed in perfons who are veiy fhort-fighted %

for fuch aj-c obferved, when thev defire td

view an object with much attention, to

hold it clofe to on^ eye, and to turn the

other afide j in this way occafioning the

two axes to meet very remotely from the

objeel:.

2. The reafon Commonly given, why

(hort-righted people view an objeel: with

One eye only in the manner above-mentioned,

is* that by this means they avoid the uneafy

draining of the mufcles, which muft be

employed to direct both axes to the fame

point. But it is evident they mull derive

from the practice this farther advantage,

that, as their optic axes are now parallel

to each other, or nearly fo, they, confe-

quently, fee the object in the leait refractive

ftate of their eyes. Pencils, therefore,

will now have their focufes in the retina,

the
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the rays of which would have crofled each

other, before they fell upon it, had both

the axes been directed to the object.

3. Spectacles were long employed, before

the manner in which they affifted fight was

known. About the year 1601, this was

propofed as the fubject of a queftion to

Kepler,* by his principal patron at that

time, Ludovic L. B. a Dietrickftein, a

teamed nobleman of Auftria. The firft

anfwer he gave was, that convex glafTes

were of ufe, by occafioning objects to appear

larger. But his patron obferved, that if

objects were rendered by them more diftinct,

becaufe larger, no perfon would be benefit-

ed by concave glafTes, fince thefe. diminifh

objects. It was not till three years after,

that, in confequence of finding out in what
manner vifion is performed, he was able to

give a juft folution of this problem, though

his attention had been directed to it during

the whole of that interval. According to

the difcovery he then made, convex glafTes

were faid by him to "afiift the fight of pref-

R
v. bytic

* Paralipomcna in Vitettjoncm, p. 30q.
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feytic pesfons, by Co altering the diredions of
rays diverging from a near objeel, that they
mall afterward fall upon the eye, as if they
had proceeded from a more remote one ; and
concave glaffes to benefit the myopic, by
producing a contrary effect upon rays

which diverge from a difhnt object. Now
it is manifefti that by this theory, to

which I believe no addition has been made
by any fucceeding writer, precifely the .

fame effects are attributed to lenfes, whether

they be employed fingly, or in the form of

fpectacles. I am inclined, however, to

think, that a difference^ fometimes at leaft,

exifts here, which has hitherto efcaped

notice. For in regard to fuch fpcctacles as

I have tried upon myfelf, I have always

found, that, when I looked with them at

objects placed at moderate diftances direct-

ly before me, my optic axes paffed through

the glaffes, more inwardly than their cen-

tres. With refpect, therefore, to fpectacles

for long-fighted people, as the inner halves

of their glaffes may be regarded as two

prifms, whole refracting angles face each

other,
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other, to have allowed both my eyes to

receive through them pencils of rays from

the fame point of an object, the intervals

of my pupils muft have been lefs than was

neceffary for that purpofe in naked vilion.

The confequence of which would be, an

increafe of the refractive power of my eyes.

Again ; as the like parts of glarles in

ipectacles for fhort-iighted perfons, may

be efteemed to be two prifms, the refract-

ing angles of which are turned from each

other, the interval of the pupils muft have

been increafed, and the refratting power of

my eyes by this means diminished., when

I looked at an object through them, which

was dire&ly before me. And effects fimilar

to what I have mentioned,muft have follow-

ed my viewing objects placed obliquely,

through glaffes of both kinds . Here then is

one advantage, which perfons, who fee with

both eyes, either do or may enjoy from

fpectacles, but which they cannot derive

from ufing (ingle glarles. For if they are

preftytic, they can fee an object by the

means of them with a higher refractive ftate

Rz of



( 124 )

of the eyes, than if the optic axes met therc^

as in naked vifion ; and if myopic, with a

lefs. It is alf© worthy of remark, that

this advantage does not ultimately tend to

increafe the evil, which firft gives occafion

for fpe&acles. On the contrary, if what
every writer upon virion alTerts be true^

that we are apt to become fhort or long-

fighted, according as we are much accuf-

tomed to view near or diftant objedts, it

muff, ferve to diminifh that evil. In fupport

of this opinion, I (hall mention a fad,

with which I have been made acquainted

by Mr. George Adams,* of this place, who
is not only well fkiljed in the theory of

virion, but, from his fituation, as an artift,

has better opportunities, than molt perfons,

of learning fuch matters. The fadt is this,

that he does not know a fhort-fighted

perfon, who has had occafion to increafe

the depth of his glalTes^ if he began to ufe

them in the form of fpectacles ; whereas

he can recoiled: feveraj inftances, where

thofe have been obliged to change their

concave

* .Mathematical Instrument Maker to the King.
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concave glaffes repeatedly, for others of

higher powers, whp had been accuftome4

to apply them to one eye only, This indeed

may have happened by accident ; but, at

any rate, the fact is worthy of farther

attention and inquiry.

It would feem, however, that the long-

iighted derive more benefit from the altera-

tion in the mutual inclinations of the optic

axes, which7 is produced by fpec~):acles, than

the fhort-fighted. For, as the inner halves

of the convex glaffes are to be regarded as

prifms, with their refracting angles conti?

nuallyincreafing as we approach their edges,

jf two objects, fituated at different

diftarjces, be viewed fucceffively through

them, the inclination of the optic axes %o>

each, other, when the nearer object is |een,

muft bear a higher proportion to their

inclination, when we look at the pne

more remote, than the different inclina-

tions of the optic axes do to each other,

when they are fuccelftvely directed to the

fame object^ without the intervention of

fuch glaffes. Hence the nearer the object

is,
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is, the greater will be the effect of the

variation in the inclination of the axes pro-

duced by fpectacles with convex glafles j

which is the order of things, the beft

adapted to the wants of thofe who ufe

them. But with refpect to fhort-fighted

perfons, fince the refracting angles of their

glaffes, confidered as prifms, decreafe, in pro-

portion as the objects feen ftiVoUgh them

become more remote ; they muft, confe-

quently, derive the leaft benefit from an

alteration in the mutual inclinations of the

optic axes occafioned by their fpectacles, at

the time they moft. require it.

If it were afked, then, what is the real

foundation of the common reproach againfl

fpectacles for long-fighted people ? I mould

anfwer, a very different one from that,

which is, for the moft part, affigned.-r-

For the change, in the conformation of the

eyes, which renders them ufeful, feems to

be one of thofe which nature has deftined

to take place at a particular age, and to

' which there is no gradual approach through

the preceding courfe of life. A perfon, for

inftance,
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inftance, at forty, fees aft object diftinctly,

at the fame diftance that he did at twenty.

When he draws near to fifty, the change I

have fpoken of commonly comes on, and

obliges him in a fhort time to wear fpecta-

cles. As it proceeds, he is under the

neceffity of ufing pthers with a higher

power. But, inftead of fuppofing that his

fight is thus gradually becoming worfc,

from a natural procefs, he attributes the in-

creafe of the defect in it to his too early and

frequent ufe of glafles. Upon the whole,

I mould draw this inference from what has

been faid, that no perfon, whofe fight begins

to grow long, ought to be, in the leaft,

prevented from enjoying the immediate ad-

vantage which fpectacles will afford him,

by the fear that they will ultimately injure

his eyes j not that I think the convexity of

each glafs, confidered by itfelf, can do no

harm, but that I believe the benefit, arifing

from the combination of the two, to be at

leaft fufficient to compenfate it. Whether
thofe, who have a tendency to mort-fight,

Jliould be alfo. early in their employment of

fpeftacleSj
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lpectacles,- i mall not pretend lo fay ; as

there is not the fame ground, from theory,^
fuppofing, that the benefit arifirig from the

combination of the two glalTes is able to-

over- balance the injury,' produced by the

concavity of each eonfidered feparately.

All that I have faid, however, upon the

fubjecl: of fpectacles, proceeds upon the

fuppolition, that, when objects, placed

directly before us, at moderate diftances,-

are viewed through them, the optic axes

penetrate the glaffes more inwardly than

their centres. But I can be by no means'

fure, that the interval of the pupils of other

perfons bears the fame proportion, to the

interval of the centres of the lenfes in fpec-

tacles, as that of mine does. It concern?

thofe, therefore, who are choonng them* to

have attention to this circumftance. To

me it appears proper, that the glafles in

fpectacles, both for long and mart-lighted

people, mould be fo far afunder, that,

when we look at a very remote object:

directly before us, our optic axes may pafs

exactly through their centres. For if the

centres
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centres of convex glafTes be nearer to each

other, very remote objects will appear

double ; and if they are more diltant,

though the object viewed be infinitely far

from us, the optic axes will, however, be

inclined to one another, and the refractive

power of the eyes increafed, when this

maybe of differvice; fince there are few

eyes which are not able, even without the

aid of the convexity of a glafs, to bring

parallel rays to a focus upon the retina. If

the centres of lenfes in fpectacles, for the

fhort-lighted, be lei's diilant than what I

have mentioned, the optic axes mult be

bent toward each other, when very remote

objects are feen, and the refractive ftate

of the eye, therefore, heightened, which

is the very reverfe of what is here to

be defired. Should the interval of the cen-

tres of thofe lenfes be greater, objects at very

considerable diftances will be feen double.

There are two other obfervations relative

to glaffes for the fight, which I wifh to add

to what I have already faid upon this

iubject. The firft is, that the fingle con-

S vex
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VcX glafles with which fome perfons ready

muft be very injurious, if they be fuf-

fkiently large, to admit the fame object to

be feen with both eyes. For as both axes

will then pafs through them, one on each

fide of the centre, the interval of the pupils

will be widened, and the refracting power of

the eyes, be diminiflied ; fo that here a difad-

vantage is to be added to the prejudice of

the convexity of the glafs, not a benefit to-

be placed againft it, as in the cafe of com-

mon fpectacles for the long-lighted. If,

indeed, the defect in fight does not arife

from the conformation of the eye, buft

from a want of tranfparency in its cornea

6r humours, then fuch glaues, by magni-

fying objects, will be ufeful, for the

fame reafon, that, in a very faint light,

we can read a book of a large print, with,

more eafe than one of a fmaller. The

fecond obfervation is, that if flat-fided prifms

were fixed in fpectacle-frames, with their re-

fracting angles toward each other, they

would am ft the long-fighted fomewhat,

without producing the evil which is faid to

arite



( )

arife from the convexity of lenfes 5 and

fpe&acles of this kind might, with more

propriety, I think, than any others, be

called preferuers. A like combination of

fuch priims, but with their angles turned

the other way, might, when the object

was moderately diftant, be of fervice to

the fhort-fighted. But objects, very re-

mote, would be made by them to appear

double.

ARTICLE IV\

On the Limits of perfe£i or diftinft Vifion,

DR. Jurin,*I believe, was the firft who
diftinguifhed between perfeSt and diftinh

vifion ; confining the former term to thofe

cafes, where the rays of a fingle pencil are

collected to a fingle point of the retina -

9

and marking, by the latter, the perpeption
we have of vifible objedts, when the rays
of the pencils, diverging from them,
though not collected to fingle points of

* Eflay on diftinft and indiftintf Vifion.

P « th<?
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the retina, yet occupy fo fmall portions of

it, as to allow the objects to be. diitin^ly

feen. But as few authors have adopted

this divifion, 1 lhall, in the prelent article,

ufe both terms in the fenfe, which he 1 is

appropriated to the rirlt.. Neither of them

is indeed free from objection, fince bodies

to be diftincHy or perfectly ieen, not only

require, that their pictures mould be ac-

curately formed upon ihe retina, but that

they mould fall upon a particular part of

it.

Although it has long been a fubject of

inquiry, within what limits of diitance

objects are diftindtly perceived by light,

yet the only experiments I have met with

in books, which have been made, with

any tolerable mow of accuracy, to deter-

mine this matter, are thofe of Dr. Porter-

field. I fhall not here fay what they were,

as his Treatife is in every body's hands, but

{hall only mention, that the principal

conclusions which he drew from them

were, firft, that objects could be diftindtly

feen by him, that is, the pencils of rays

which
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which came from them could be accurately

collected to points upon the retina, when

their distances from his eye did not exceed

twenty-feven inches, and were not lefa

than feven ; and fecondly, that, as often as

the axes of both eyes were directed to any

one point, fituated within thofe diilances,

the rays proceeding from it had their focus

in each retina.

As the refults of fome experiments,

which I have made upon the fame fubjecl,

differ from thefe conclusions of Dr. Por*

terfield, I have read over what he has

written upon the. matter with more than

ordinary attention, and I think I can

thence mow reafon, why they fhould not

be received without caution. For, in the

firji place, his experiments are related fo

rircumftantially, and with fuch an appear-

ance of accuracy in the making of them*

that you would fcarcely fuppofe he left

the lean: polfible room for error. And yet,

after finiming his account of them, he
tells us, that he would have repeated them
with more care and exaclnejs* had he not

been
• f

Treatife on the Eye, Vol, I. p.
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keen interrupted. Secondly, his experiments

were made upon one eye only, though his

conclufions apply to both eyes ; an in-

accuracy which gives occafion to fufpedt

others. La/lfy, he fays, that he could not

fee an object diftinctly at the diftance of

feven inches,unlefs both axes were pointed to

another object, at only half that diftance.

Had he then directed both axes to an object

feven inches diftant, which he does not

mention he ever did, it muft confequently

have been feen mdijiincily, and yet one of his

conclufions ftates, that objects, diftant from

about feven, to about twenty-feven inches,

were always diJiinSily feen, when the axes

of both eyes were directed to them. Such

are the reafons which lead me to think,

that the whole of the difference, between

the refults of** the experiments of Dr. Por-

terfield and myfelf, is not to be attributed

to a difference in the ftructure of ouf

eyes.

The experiments, which I made upon

this fubject, were with luminous points.

They proved to me, Jirji, that, when both

optic
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optic axes are directed to any object, placed

at a lefs diftance from my eyes than about

feventeen inches, my vifion of it by the

left eye is indiftmct, from the rays of light

tending to focufes behind the retina ; fe-

condly, that my vifion by the fame eye is

perfect, if the object feen, and to which

both axes are turned, be from about

feventeen to about nineteen inches diftant •

thirdly,th&t the vifion ofmy left eye becomes,

again imperfect, if the object be moved to

a greater diftance than that of nineteen

inches, the rays being now collected to

focufes, previoufly to their falling upon the

retina ; and fourthly, that I have, by my
right eye, imperfect vifion of all objects,

to which I direct both axes, unlefs their

diftances be fo great, that the rays of each

pencil, proceeding from them, may be

regarded as parallel.

A conclufion is furnifhed by thefe expe-

riments, fimilar to one, which was drawn
by Mr. Delahire, * from fome made by
himfelf ; namely, that each eye fees objects

HP!|p*^^ dif-

* Mcmoircs dc Mathcmatiquc et de Phyfique, 4 to. p. a 9 ?.
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diftinctly only at one diftance ; as I take for

granted, that, in every cafe of ordinary

virion, both axes are directed to the object

which is viewed. But Mr. Delahire drew

a fecond concluiion from his experiments,

which he feems to have regarded only as

another expreffion of the firit, but which,

in truth, includes a very different fact. It

was, that the refractive ftate of the eye is

always the fame, whether we look at a

very near or a very diftant object. The

following obfervations, however, will

prove the contrary, at the fame time that

they (how, in what I farther differ from

Dr. Porterfield.

i. Though an object, to which both

axes are pointed, does not appear diftinct

to my left eye, unlefs it be from about

feventeen to about nineteen inches diftant ;

nor to my right eye, unlefs it be at a very

considerable diftance ;
yet J find, that when

the axes are made to meet at a point, about

two inches diftant from a line connecting

the two pupils, which however cannot be

effected without much draining, my left

eye
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eye Wilr now fee an object diitindtly,;

which' is only about feven inches from it,'

and my right eye will at the fame time fee

ah object diftinctly, the diftance of which

is about ten inches. I find alfo, that my
left eye is made to fee aft object] diflindtly;

though placed more than nineteen inches

from it, if I direct both axes to a point ftill

more remote.

2. I formerly mentioned, that every

degree of the mutual inclination of the

optic axes is attended, by a particular

ftate of the refracting power of each eye.

But I muft. now remark, that thefe ftates

are fometimes fubject to flight variations,

while the inclinations of the optic axes to

each other remain the fame. For I find,

that, when a luminous point, to which

both axes are turned, is diftindtly feen by

my left eye, I can, by certain efforts not eafily

to be defcribed, but without changing the

pofition of either axi.% make it afterward

appear as a furface, and this too, at one

time, from the rays coming to a focus too

fuon, and at another, too late, for perfect

T vifioft
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tifion.* One inftance of thefe variations

deferves- to be minutely defcribed, as

it provesy that the refraclive power
of the eyes is fubjecl: to greater changes,

than what are mown by any experime.its

I have met with in authors. When
I look attentively at a bright ftar, with
the optic axes parallel to each other, it ap-

pears to my left eye a furface offome extent,

and to my right eye, though not a point,

yet a furface of very fmall extent, "
a^ v

fmall as the fphericity of the cornea andf
;

cryftaline, the various refrangibility of

the different kinds of light, and the width

of the pupil at night, can be fappofed to*

allow
; for I find, that, if I now pals a

needle acrofs the axis of the right eye, its

fhadow will not be feen. But mould I,

after

* The Variations, however, feem produced in fuch a manner^

that the middle of the let belonging to one degree of the mu-

fual inclination of the optic axes, is always different from the

middle of the fet belonging to another degree of their inclination ;

and that, when no other effort is made, than to direct both axes

to the fame object , the eyes always affume the middle ftate of the

refractive power, which accompanies that particular inclina-

tion of the axes. No argument, therefore, can hence be derived-

againft the applications I formerly made of the general

fact, refpecting the connection of the refractive ftates of the

<*ycf vrith the mutual inclinations of the optic axef-



( 139 )

after this, withdraw my accurate attentipw

from the ftar, and view it in the ftate of

fight we have, when we are faid to be in a

reverie, in which, though our eyes are

open, we are yet fcarcely confcious of

feeing furrounding objects, the appearance

to the right eye expands itfelf, and if a

needle be again parted before this eye, its

fhadow will be obferved to move over the

ftar, in a direction contrary to that of the

needle itfelf ; a fure indication that the

rays of light now tend to a focus behind

the retina. In the fame ftate of things, the

appearance of the flar to the left eye con-*

tracts, and if a needle be held before the

eye, no madow is feen -

3 a fign that the

rays are collected to a focus on the retina

;

whereas they had formerly croffed one ano*

ther before they reached that membrane.

Upon the whole then it is manifeft, from
the experiments I have related, that my
left eye can collect to focufes in the retina,

rays which proceed from objects at every

diftance whatfoever, not lefs than feven in-

ches -

f that my right eye can collect to fo-

T 3 cufes
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,cufes in the retina, rays which proceed

from objects at every diftance whatfoeyer,

pot lefs than ten inches, and even fuch.

as are fomewhat convergent, fince it can

make thofe, which are parallel, to meet

before they fall upon the retina ; and

laftly, that, while botfy the optic axes are

directed to a point within the limits of dif-

tinct vifion, the rays proceeding from i%

are never accurately collected to focufes in

both retinas, and fcarcely ever to a focus

in either retina. Thefe are likewife

the principal circumftances, in which my
experiments differ in their rcfults frorrj

thofe of Dr. Porterfield.

In making fuch experiments with luT

minous points, one or other of two appear-

ances very conftantly occurs, neither of

which, as far as J know, has been fpoken of

by any preceding author. The mpft pro-

per way of mentioning what they are, is,

perhaps, to mow what ought to happen in

thofe fituations, in which they are ob T

ferved.

5 • W?t



( I 4 I )

When a beam of white light paffes, ob-

liquely, from one medium into another of

different refractive power, its varioufly co-

loured rays muff begin to diverge from

each other, at the point of the beam's

incidence upon the latter medium. In

achromatic telefcopes, the mutual feparar

tion of t,hefe rays is checked, and its far-

ther iocreafe prevented, before it becomes

perceptible to fenfe, by the contrary re-

fractions which they undergo, from paf-

fing, fucceffivejy, through the different

parts of the object-glafs. Hence, fome

have imagined, that, fince objects, in or-

dinary vifion, are feen without colour,

as far as this depends on the refractions of

the eye, nature has furniflied us with an

inftrument, conftituted upon principles

fimilar to thofe of the object-glafs of an

achromatic telefcope. But every one, the

lean: acquainted with the ftructure of the

eye, muff know, that this cannot be thp

cafe, as the refractions in it are all made
one way * And there are experimental

proofs
* There are indeed fome exceptions to tip* tag not ul

:

fuf-

fcicnt conference to ailed the prefent argument.
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proofs, that compounded light is always

feparated into its parts, by paffing through

the eyie. For if we interpofe any opake

fubftance between us and a luminous body,

fo that only a very fmall portion of this

may remain vifible, it will appear to con-

fift of three differently coloured parts, red,

yellow, and blue. The reafon, therefore,

of objects being, for the moft part, feen

colourlefs, mult be elfewhere fought.*

Now let us fuppofe, that a luminous

point is the only objeft which is feen at

any one time ; mould the focus of its mean

refrangible rays be anterior to the retina,

the middle of its picture upon that mem-

brane muft be chiefly compofed of

the lefs refrangible rays ; and this

muft be the reafon, that, when I look

attentively at a bright ftar with

my left eye, the centre of it always

appears of a light orange colour. As the

beams, however, from the luminous point,

which enter the eye near to its axis, fuffer

but

* Dr. Mafkelyne has very learnedly treated this fubjecl in the

Thilofopliical TVanfadions, Vol. Ixxix.part i.
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but little refraction, the brightnefs of their

white light, will, in great meafure, over-

power the colour given to the middle of

the picture upon the retina, by the lefs

refrangible rays of thofe, which enter the

eye at a diftance from its axis. Were you

then to intercept the former beams, the

effect I have mentioned of the latter,

mufr. be njore obfervable : and hence it is,

that when I place a pin or needle between

my eye and a luminous point, the rays

of which come to a focus before they fall

upon the retina, the fhadow, inftead of

appearing black, is always of a red or deep

orange colour ; which is one of the pheno-

mena refpecting luminous points, to which
I have alluded.

On the other hand, mould the focus of
the mean refrangible rays of a luminous

point lie behind the retina,- the middle of

the picture there will be principally formed
of the more refrangible rays; and if the

beams, which enter the eye near to its

axis, be alfo in the prefent cafe intercepted,

the effect of the latter rays, in giving colour

to
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to the middle of the picture, will confeJ

quently be rendered more evident. Hence

it is, that, when a luminous point is not

fufficiently remote for diftinct vifion, the

feeming fhadow upon it, occafioned by any

fmall opake object held before my eye, is

always blue ; and this' is the fecond of the

appearances, which I faid are frequently

to be obfecved, in experiments upori

luminous points.

THE END.
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